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BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a communication system 

for transmission and reception of a digital/ signal through 
modulation of its carrier wave and demodulation of the 
modulated signal. 

2. Description of the Prior Art 
Digital signal communication systems have been used in 

various fields. Particularly, digital video signal transmission 
techniques have been improved remarkajbly. 

Among them is a digital TV signal transmission method 
So far, such digital TV signal transmisiton systems are in 
particular use for transmission between TV stations. They 
will soon be utilized for terrestrial and/or satellite broadcast 
service in every country of the world/ 

The TV broadcast systems including HDTV, PCM music, 
FAX, and other information services/are now demanded to 
increase desired data in quantity and quality for satisfying 
millions of sophisticated viewers. In/particular, the data has 
to be increased in a given bandwidth of frequency allocated 
for TV broadcast service. The data to be transmitted is 
always abundant and provided as/ much as handled with 
up-to-date techniques of the time/ It is ideal to modify or 
change the existing signal transmission system correspond- : 
ing to an increase in the data amount with time. 

However, the TV broadcast service is a public business 
and cannot go further without considering the interests and 
benefits of viewers. It is essential to have any new service 
compatible with existing TV receivers and displays. More ' 
particularly, the compatibility off a system is much desired 
for providing both old and ncW services simultaneously or 
one new service which can be intercepted by both the 
existing and advanced reccive/s. 

It is understood that any nei digital TV broadcast system 
to be introduced has to be arranged for data extension in 
order to respond to future demands and technological advan- 
tages and also, for compatibility to allow the existing 
receivers to receive transmissions. 

The expansion capability and compatible performance of 
prior art digital TV system will be explained. 

A digital satellite TV syst dm is known in which NTSC TV 
signals compressed to an about 6 Mbps are multiplexed by 
time division modulation of 4 PSK and transmitted on 4 to 
20 channels while HDTVjsignals are carried on a signal 
channel. Another digital HDTV system is provided in which 
HDTV video data compreised to as small as 15 Mbps are 
transmitted on a 16 or 3p QAM signal through ground 
stations. I 

Such a known satellite /system permits HDTV signals to 
be carried on the channel by a conventional manner, thus 
occupying a band of frequencies equivalent to the same 
channels of NTSC signals. This causes the corresponding 
NTSC channels to be unavailable during the transmission of 
the HDTV signal. Also! the compatibility between NTSC 
and HDTV receivers oj displays is hardly concerned and 
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data expansion capability needed for matchinfe a future 
advanced mode is utterly disregarded. I 

Such a common terrestrial HDTV system offe/s an HDTV 
service on conventional 16 or 32 QAM signals /without any 
modification. In any analogue TV broadcast service, there 
are developed a lot of signal attenuating or shidow regions 
within its service area due to structural obstacles, geographi- 
, cal inconveniences, or signal interference Mm a neighbor 
station. When the TV signal is an analogue from, it can be 
intercepted more or less at such signal attenuating regions 
although its reproduced picture is low in quaKty. If TV signal 
is a digital form, it can rarely be reproduced/at an acceptable 
level within the regions. This disadvantage is critically 
hostile to the development of any digital TV system. 

SUMMARY OF THE O^WTION 

It is an object of the present invention, for solving the 
foregoing disadvantages, to provide a communication $ys- 
tern arranged for compatible use for bofc the existing NTSC 
and newly introduced HDTV broadcast services, particu- 
larly via satellite and also, forininitnirfng signal attenuating 
or shadow region of its service area in the grounds. 

A communication system according to the present inven- 
tion intentionally varies signal poufts, which used to be 
disposed at uniform intervals, to prfrfonn the signal trans- 
mission and reception. For cxamplfc, if applied to a QAM 
signal, the communication systeni comprises two major 
sections: a transmitter having a sigAal input circuit, a modu- 
lator circuit for producing m numbers of signal points, in a 
signal vector field through modulation of a plurality of 
out-of-phase carrier waves usingf an input signal supplied 
from the input circuit, and a transmitter circuit for transmit- 
ting a resultant modulated signal; and a receiver having an 
input circuit for receiving the mtdulated signal, a demodu- 
lator circuit for demodulating /one-bit signal points of a 
QAM carrier wave, and an outbut circuit. 

In operation, the input signal jbontaining a first data stream 
of n values and a second data stream is fed to the modulator 
circuit of the transminer whfcre a modified m-bit QAM 
carrier wave is produced representing m signal points in a 
vector field. The m signal pdnts are divided into n signal 
point groups to which the n values of the first data stream arc 
assigned respectively. Also, data of the second data stream 
are assigned to m/n signal /points or sub groups of each 
signal point group. Tnen, atcsultant transmission signal is 
transmitted from the transmitter circuit. Similarly, a thard 
data stream can be propagated. 

' At the p-bit demodulatorf circuit, p>m. of the recciverjthe 
first data stream of the traAsmission signal if first demodu- 
lated through dividing p| signal points in a signal space 
diagram into n signal pofat groups. Then, the second data 
stream is demodulated tnW h Agoing pfa values to p/n 
signal points of each co/responding signal point group for 
reconstruction of both die first and second data streams. U 
the receiver is at P=n. the 1 n signal point groups are reclaimed 
and assigned the n valujs for demodulation and reconstruc- 
tion of the first data stnsam. 

Upon receiving the /same transmission signal from the 
transmitter, a receiver Uipped with a large sized antenna 
and capable of large-dita modulation can reproduce both ttie 
first and second data/streams. A receiver equipped with a 
small sized antenna ind capable of small -data modulau°n 
can reproduce the fi/st data stream only. Accordingly, the 
compatibility of thf signal ™™™ on ***' m ^ 9 % 
ensured. When the first data stream is an NTSC TV signal 
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or low frequency band component of an/HDTV signal and 
the second data stream is a high frequence band component 
of the HDTV signal, the small -data modiilaii on- receiver can ■ 
reconstruct the NTSC TV signal and thfe large-data modu- 
lation receiver can reconstruct the HDTV signal. As under- 
stood, a digital NTSC/HDTV simultaneous broadcast ser- 
vice will be feasible using the compatibility of the signal 
transmission system of the present irfvenuon. 

More specifically, the communication system of the 
present invention comprises: a transmitter having a signal • 
input circuit, a modulator circuit for producing m signal 
point, in a signal vector field through modulation of a 
plurality of out-of-phasc carrier waves using an input signal 
supplied from the input, and a transmitter circuit for trans- 
mitting a resultant modulated signal, in which the main 
procedure includes receiving an/input signal containing a 
first data stream of n values and a second data stream, 
dividing the m signal points of the signal into n signal point 
groups, assigning the n values of the first data stream to the 
n signal point groups respcctfrcly. assigning data of the 
second data stream to signal /points of each signal point 
group respectively, and transmitting the resultant modulated 
signal; and a receiver having Ian input circuit for receiving 
the modulated signal, a demodulator circuit for demodulat- 
ing p signal points of a QAM carrier wave, and an output 
circuit, in which the main procedure includes dividing the p 
signal points into n signal point groups, demodulating the 
first data stream of which h values arc assigned to the n 
signal point groups respectively, and demodulating the sec- 
ond data stream of which /p/n values arc assigned to p/n 
signal points of each signkl point group respectively. For 
example, a transmitter produces a modified m-bit QAM 
signal of which first, second, and third data streams, each 
carrying n values, are assigned to relevant signal point 
groups with a modulator.fThe signal can be intercepted and 
the first data stream only Reproduced by a first receiver, both 
the first and second data streams can be reproduced by a 
second receiver, and all /the first, second, and third streams 
can be reproduced by a/ third receiver. 

More particularly, a receiver capable of demodulation of 
n-bit data can reproduce n bits from a multiple-bit modu- 
lated carrier wave carrying m-bit data where m>n, thus 
allowing the communication system to have compatibility 
and capability of future extension. Also, a multi-level signal 
transmission will be possible by shifting the signal points of 
QAM so that a nearest signal point to the origin point of 
I-axis and Q-axis coordinates is spaced nf from the origin 
where f is the drstanfce of the nearest point from each axis 
and n is more than 1. 

Accordingly, a compatible digital satellite broadcast ser- * 
vice for both the N^SC and HDTV systems will be feasible 
when the first data/stream carries an NTSC signal and the 
second data strcafri carries a difference signal between 
NTSC and HDTV. Hence, the capability of corresponding to 
an increase in the 1 data amount to be transmitted will be 
ensured. Also, on the ground, the service area will be 
increased while signal attenuating areas arc decreased. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of the entire arrangement of a 
signal transmission system showing a first embodiment of 
the present invention; 

FIG. 2 is a block diagram of a transmitter of the first 
embodiment; / 

FIG. 3 is a victor diagram showing a transmission signal 
of the first cmpodimcnt; 




FIG. 4 is a vector diagram showing a transmission signal 
of the first embodiment; 
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FIG. 5 is a view. showing an assignn 
to signal points according to the first < 
FIG. 6 is a view showing an assign 
to signal point groups according to r' 
FIG. 7 is a view showing an assi£ 
to signal points in each signal point i 
first embodiment; / 

FIG. 8 is a view showing anothfcr assignment of binary 
codes to signal point groups and tl/eir signal points accord- 
ing to the first embodiment; 

FIG. 9 is a view showing threshold values of the signal 
point groups according to the fiat embodiment; 

FIG. 10 is a vector diagram of a modified 16 QAM signal 
of the first embodiment; 

FIG. 11 is a graphic diagram showing the relationship 
between antenna radius r 2 ana transmission energy ratio n 
according to the first embodiment; 

FIG. 12 is view showing pic signal points of a modified 
64 QAM signal of the first Embodiment; 

FIG. 13 is a graphic diagram showing the relationship 
between antenna radius r 3 Jand transmission energy ratio n 
according to the first embodiment; 

FIG. 14 is a vector diagram showing signal point groups 
and their signal points of the modified 64 QAM signal of the 
first embodiment; / 

FIG. 15 is an explanatory view showing the relationship 
between Aj and A 2 of the modified 64 QAM signal of the 
first embodiment; / 

FIG. 16 is a grapH diagram showing the relationship 
between antenna radijfs r 2 and r 3 and transmission energy 
ratio n i6 and n M respectively according to the first embodi- 
ment; / 

/ diagram of a digital transmitter of the 



FIG. 17 is a bloc! 
first embodiment; 

FIG. 18 is a sig 
signal of the first 



space diagram of a 4 PSK modulated 
ibodiment; 

FIG. 19 is a block diagram of a first receiver of the first 
embodiment; / 

FIG. 20 is a signal space diagram of a 4 PSK modulated 
signal of the firsy embodiment; 

FIG. 21 is a block diagram of a second receiver of the first 
embodiment; / 

FIG. 22 is a vector diagram of a modified 16 QAM signal 
of the first embodiment; 

FIG. 23 is a ivector diagram of a modified 64 QAM signal 
of the first embodiment; 

FIG. 24 is L flowchart showing the operation of the first 
embodiment;/ 

FIG 25(a) and 25(b) are vector diagrams respectively 
showing an 8 and a 16 QAM signal of the first embodiment; 

FIG. 26 is a block diagram of a third receiver of the first 
embodiment; 

FIG. 27 is a view showing signal points of the modified 
64 QAM signal of the first embodiment; 

FIG. 28 lis a flowchart showing another the operation of 
the first embodiment; 

FIG. 29/is a schematic view of the entire arrangement of 
a signal transmission system showing a third embodiment of 
the present invention; 
FIG. 30 is a block diagram of a first video encoder of the 



third cm! 



odimcnt; 
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FIG. 31 is a block diagram of a first video decoder of the 
third embodiment; / 

FIG. 32 is a block diagram of a second video decoder of 
the third embodiment; / 

FIG. 33 is a block diagram of a thufi video decoder of the 
third embodiment; / 

FIG. 34 is an explanatory view/showing a time multi- 
plexing of D lf D 2 , and D 3 signatf according to the third 
embodiment; / 

FIG. 35 is an explanatory virfw showing another time 
multiplexing of D, . D 2 , and D 3 sifaals according to the third 
embodiment; / 

FIG 36 is an explanatory view showing a further time 
multiplexing of D„ D 2 , and D^ignals according to the third 
embodiment; 7 

FIG. 37 is a schematic viefr of the entire arrangement of 
a signal transmission system/showing a fourth embodiment 
of the present invention; / 

FIG. 38 is a vector diagratn of a modified 16 QAM signal 
of the third embodiment; / 

FIG. 39 is a vector diagram of the modified 16 QAM 
signal of the third embodiment; 

FIG. 40 is a vector diagram of a modified 64 QAM signal 
of the third emtofflraeni; 

FIG. 41 is a diagram *f assignment of data components on 
a time base according to the third embodiment; 

FIG. 42 is a diagram/of assignment of data components on 
a time base in TDMAJaction according to the third embodi- 
meni; / 

FIG. 43 is a block diagram of a carrier reproducing circuit 
of the third embodiment; 

FIG. 44 is a diagram showing the principle of carrier wave 
reproduction according to the third embodiment; 

FIG. 45 is a block diagram of a carrier reproducing circuit 
for reverse modulation of the third embodiment; 

FIG. 46 is a diagram showing an assignment of signal 
points of the 16 QAM signal of the third embodiment; 

FIG. 47 is a diagram showing an assignment of signal 
points of the 64 QAM signal of the third embodiment; 

FIG. 48 is a blick diagram of a carrier reproducing circuit 
for 16x multiplication of the third embodiment; 

FIG 49 is ad explanatory view showing a time multi- 
plexing of dJ, B m . D w . D«. Dv,. and D //3 signals 
according to the third embodiment; 

FIG. 50 is ah explanatory view showing a TDM A time 
multiplexing of D„. D m . D„, D«. D w , and D M signals 
according to tlic third embodiment; 

FIG. 51 is in explanatory view showing another TDMA 
time mulupleiing of the D„, D# „ D^, Dyj, and 
signals according to the third embodiment; 

FIG. 52 is k diagram showing a signal interference region 
in a known Sransmission method according to the fourth 
cmbodimcntj 

FIG 53 ii a diagram showing signal interference regions 
in a mulu-leVel signal transmission method according to the 
fourth embodiment; 

FIG 54 Is a diagram showing signal attenuating regions 
in the kno£n transmission method according to the fourth 
embodiment; 

FIG 55/ is a diagram showing signal attenuating regions 
in the multi-level signal transmission method according to : 
the fourth! embodiment; 

FIG 56 is a diagram showing a signal interference region 
between [two digital TV stations according to the fourth 
embodiment; 



FIG. 57 is a diagram showing ah assignment of signal 
points of modified 4 ASK signal oflthe fifth embodiment; 

FIG. 58 is a diagram showing/another assignment of 
signal points of the modified 4 ^SK signal of the fifth 
embodiment; 

FIGS. 59(a) and 59(b) are diaghms showing assignment 
of signal points of the modificd/4 ASK signal of the fifth 
embodiment and FIGS. 59(c) ancY59(<0 are diagrams respec- 
lively showing the slice levels/ of the modulated 4 ASK 
signal in subchannels 1 and 2; 

FIG. 60 is a diagram shoeing another assignment of 
signal points of the modified; 4 ASK signal of the fifth 
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im of a 4-, 8-. and 16-level VSB 
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embodiment when the C/N 
FIG. 61 shows a 4- and 8-1 
to the fifth embodiment of 

FIG. 62(a) is a wave . 
i.e., a multi-value VSB si; 
embodiment of the inven 
spectrum diagram showing 
VSB signal; 

FIG. 63 is a block diagi 
receiver in the fifth emb 

FIG. 64 is a block 
of the fifth embodiment; 

FIG. 65 is a block diagram of a TV receiver of the fifth 
embodiment; 

igram of another TV receiver of the 



FIG. 66 is a block 
fifth embodiment; 

FIG. 67 is a block 
receiver of the fifth e 
FIG. 68(a) is an 8-1 
and sixth embodimei 
FIG. 68U0isan8-; 



iagram of a satellite-to-ground TV 
ibodiment; 

el VSB constellation map in the fifth 
of the invention; 
:vel VSB constellation map in the fifth 



and sixth embodiments of the invention; 

FIG. 68(c) is anj 84evel VSB signal-time waveform 
diagram in the fifth and sixth embodiments of the invention; 

FIG. 69 is a blocl/ diagram of a video encoder of the fifth 
embodiment; 

FIG. 70 is a 1 
embodiment conti 

FIG. 71 is able 
embodiment; 

FIG. 72 is a blc 
embodiment contj 

FIG. 73 is a i 
components of < 
embodiment; 

FIG. 74(a) is /a block diagram of a video decoder of the 
fifth embodimei r 

FIG. 14(b) is la diagram showing another time assignment 
of data coraporjents of the transmission signal according to 
the fifth emboc iment; 

diagram showing a time assignment of data 
a transmission signal according to the fifth 



: diagram of a video encoder of the fifth 
ung one divider circuit; 
Jk diagram of a video decoder of the fifth 

Jbk diagram of a video decoder of the fifth 
dning one mixer circuit; 

o i showing a time assignment of data 

[/transmission signal according to the fifth 



FIG. 75 is a 
components o! 
embodiment; 

FIG. 76 is i 
components c f 
embodiment; 
FIG. 77 is t 



diagram showing a time assignment of data 
a transmission signal according to the fifth 



* ,w. , . - diagram showing a time assignment of data 
components df a transmission signal according to the fifth 
embodiment;' 

FIG. 78 is a block diagram of a video decoder of the fifth 
embodiment 
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FIG. 79 is a diagram showing a time assignment of data 
components of a three-level transmission signal according to 
the fifth embodiment 

FIG. 80 is a block diagram of another video decoder of the 
fifth embodiment; 

FIG. 81 is a diagram showing a umc assignment of data 
components of a transmission signal according to the fifth 
embodiment; 

FIG. 82 is a block diagram of/a video decoder for D, 
signal of the fifth embodiment; 

FIG. 83 is a graphic diagram/showing the relationship 
between frequency and time of a frequency modulated 
signal according to the fifth embodiment; 

FIG. 84 is a block diagram of a magnetic record/playback 
apparatus of the fifth embodiment; 

FIG. 85 is a graphic diagram showing the relationship 
between ON and level according to the second embodiment; 

FIG. 86 is a graphic diagrim showing the relationship 
between ON and transmission distance according to the 
second embodiment; 

FIG. 87 is a block diagram of a transmission of the second 
embodiment; I 

FIG. 88 is a block diagrajn of a receiver of the second 
embodiment; 

FIG. 89 is a graphic diatram showing the relationship 
between ON and error rate according to the second embodi 
ment; 

FIG. 90 is a diagram shdwing signal attenuating regions 
in the three-level, transmission of the fifth embodiment; 

FIG. 91 is a diagram showing signal attenuating regions 
in the four-level transmission of a sixth embodiment; 

FIG. 92 is a diagram showing the four-level transmission 
of the sixth embodiment; 

FIG. 93 is a block digram of a divider of the sixth 
embodiment; 

FIG. 94 is block diagram of a mixer of the sixth embodi 
ment; 

FIG. 95 is a diagram] showing another four-level trans 
mission of the sixth embodiment 

FIG. 96 is a view of signal propagation of a known digital 
TV broadcast system; 

a signal propagation of a digital TV 
Hing to the sixth embodiment; 
showing a four-level transmission of 



pagram of a 16 SRQAM signal of the 

liagram of a 32 SRQAM signal of the 

lie diagram showing the relationship 
r rake according to the third embodi- 



FIG. 97 is a view ofl 
broadcast system accorl 
FIG. 98 isadiagramt 
the sixth embodiment;] 
FIG. 99 is a vector < 
third embodiment; 

FIG.lOOisavectorjt 
third embodiment; 

FIG. 101 is a gr 
between ON and err£ 
ment; 

FIG. 102 is a graphic diagram showing the relationship 
between ON and erfor rate according to the third embodi- 
ment; 

FIG. 103 is a graphic diagram showing the relationship 
between shift distance n and ON needed for transmission 
according to the third embodiment; 

FIG. 104 is a grkphic diagram showing the relationship 
between shift distance n and ON needed for transmission 
according to the trfird embodiment; 

FIG. 105 is a graphic diagram showing the relationship 
between signal lev£l and distance from a transmitter antenna 
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service 



according to the third 



vice area of the 32 

(it; 

irvice area of the 32 



in terrestrial broadcast 
embodiment; 

FIG. 106 is a diagram showing a : 
SRQAM signal of the third embodime 
FIG. 107 is a diagram showing a ! 
SRQAM signal of the third embodim 

FIG. 108(a) is a diagram showing a/frequency distribution 
profile of a conventional TV signal;/ 

FIG. 108(6) is a diagram showing Afrequency distribution 
profile of a conventional two-layer frV signal; 

FIG. 108(c) is a diagram showint threshold values of the 
third embodiment; / 

FIG. 108(<f) is a diagram showing a frequency distribution 
profile of iwo-iayer OFDM carrifers of the ninth embodi- 
ment, and FIG. 108(*) is a diagram showing threshold 
values for three-layer OFDM of the ninth embodiment; 

FIG. 109 is a diagram showing a time assignment of the 
TV signal of the third embodiment; 

FIG. 110 is a diagram showir/g a principle of C-CDM of 
the third embodiment; , 

FIG. Ill is a view showing an assignment of codes 
according to the third embodiment; 

FIG. 112 is a view showing kn assignment of an extended 
36 QAM according to the thifd embodiment; 

FIG. 113 is a view showing a frequency assignment of a 
modulation signal according To the fifth embodiment; 

FIG. 114 is a block diagram showing a magnetic record- 
ing/playback apparatus according to the fifth embodiment; 

FIG. 115 is a block digram showing a transmitter/ 
receiver of a portable telephone according to the eighth 
embodiment; I 

FIG. 116 is a block diagratn showing base stations accord- 
ing to the eighth embodimi 

FIG. 117 is a view illustrating communication capacities 
and traffic distribution of a conventional system; 

FIG. 118 is a view illustrating communication capacities 
and traffic distribution according to the eighth embodiment; 

FIG. 119(a) is a diagram showing a time slot assignment 
of a conventional system;! 

FIG. 119(6) is a diagraAi showing a time slot assignment 
according to the eighth embodiment; 

FIG. 120(a) is a diagratn showing a time slot assignment 
of a conventional TDM A system; 

FIG. 120(6) is a diagrlm showing a time slot assignment 
according to a TDMA s Jstem of the eighth embodiment; 

FIG. 121 is a block diagram showing a one-level trans- 
mitter/receiver according to the eighth embodiment; 

FIG. 122 is a block diagram showing a two-level trans- 
milter/receiver according to the eighth embodiment; 

FIG. 123 is a blockfdiagram showing an OFDM type 
transmitter/receiver according to the ninth embodiment; 

FIG. 124 is a view illustrating a principle of the OFDM 
system according to the ninth embodiment; 

FIG. 125(a) is a vievf showing a frequency assignment of 
a modulation signal of a conventional system; 

FiG 125(b) is a vievf showing a frequency assignment of 
a modulation signal according to the ninth embodiment; 

FIG 126(a) is a vief showing a frequency assignment of 
an OFDM signal of hhe ninth embodiment, wherein no 
weighting is applied; 
FiG 126(6) is a view showing a frequency assignment of 



an OFDM signal of 



the ninth embodiment, wherein two 



weighted by transmission 



a frequency assignment of 
bodimcnt, wherein carrier 

a frequency assignment of 
tbodimem, wherein carrier 

showing a transmitter/ 
embodiment; 

i of a trellis encoder (ratio 
\ of a trellis encoder (ratio 
1 of a trellis encoder (ratio 
\ of a trellis decoder (ratio 



channels of two-layer OFDM arcf 
electric power; 

FIG. 126(c) is a view showing 
an OFDM signal of the ninth en 1 
intervals are doubled by weighti 

FIG. 126(d) is a view showind 
an OFDM signal of the ninth eij 
intervals are not weighted; 

FIG. 127 is a block diagr 
receiver according to the ninth f 

FIG. 128(a) is a block diag 
Vi) in embodiments 2, 4, and J 

FIG. 128(6) is a block diagrj 
%) in embodiments 2, 4, and [ 

FIG. 128(c) is a block diag 
Y*) in embodiments 2. 4, and I 

FIG. 128(d) is a block diag : 
Vi) in embodiments 2, 4, and 5, 

FIG. 128(0 is a block diag ram of a trellis decoder (ratio 
%) in embodiments 2, 4, and 5, 

FIG. 128(/) is a block diaj ram of a trellis decoder (ratio 
y*) in embodiments 2, 4, anc 5; 

FIG. 129 is a view showim a time assignment of effective 
symbol periods and guard ii tervals according to the ninth 
embodiment; 

FIG. 130 is a graphic d agram showing a relationship 
between C/N rate and em r rate according to the ninth 
embodiment; 

FIG. 131 is a block diagi im showing a magnetic record- 
ing/playback apparatus acc >rding to the fifth embodiment; 

FIG. 132 is a view showi ig a recording format of track on 
the magnetic tape and a tr veiling of a head; 

FIG. 133 is a block (iagram showing a transmitter/ 
receiver according to the t lird embodiment; 

FIG. 134 is a diagram sr owing a frequency assignment of 
a conventional broadcastii g; 

FIG. 135 is a diagram showing a relationship between 
service area and picture quality in a three-level signal 
transmission system acco ding to the third embodiment; 

FIG. 136 is a diagram s lowing a frequency assignment in 
case the multi-level signa transmission system according to 
the third embodiment is :ombined with FDM; 

FIG. 137 is a block diagram showing a transmitter/ 
receiver according to the third embodiment, in which Trellis 
encoding is adopted; 

FIG. 138 is a block diagram showing a transmitter/ ; 
receiver according to the ninth embodiment, in which a part 
of low frequency band i ignal is transmitted by OFDM; 

FIG. 139 is a diagrar i showing an assignment of signal 
points of the 8-PS-APS C signal of the first embodiment; 

FIG. 140 is a diagram showing an assignment of signal 
points of the 16-PS-AFSK signal of the first embodiment; 

FIG. 141 is a diagra n showing an assignment of signal 
points of the 8-PS-PSK signal of the first embodiment; 

FIG 142 is a dtagn m showing an assignment of signal 
points of the 16-PS-PSI C (PS type) signal of the first embodi- 
ment; j 

FIG. 143 is a grapliic diagram showing the relationship 
between antenna radio's of satellite and transmission capac- 
ity according to the first embodiment; 

FIG. 144 is a block diagram showing a weighted OFDM 
transmitter/receiver Recording to the ninth embodiment; 



FIG. 145(a) is a diagram showing /the waveform of the 
guard lime and the symbol time in the multi-level OFDM 
according to the ninth embodiment./ wherein multipath is 
short; / 

FIG. 145(6) is a diagram showing the waveform of the 
guard time and the symbol time in/the multi-level OFDM 
according to the ninth embodiment, wherein multipath is 
long; 

FIG. 146 is a diagram showing a principle of the multi- 
level OFDM according to the nimh embodiment; 

FIG. 147 is a diagram showindsubchannel assignment of 
a two-layer signal transmission/system, weighted electric 
power according to the ninth embodiment; 

FIG. 148 is a diagram showing relationship among the 
D/V ratio, the multipath delay time, and the guard time 
according to the ninth embodiment; 

FIG. 149(a) is a diagram shoVing time slots of respective 
layers according to the ninth embodiment; 

FIG. 149(6) is a diagram Showing time distribution of 
guard times of respective layers according to the ninth 
embodiment; / 

FIG. 149(c) is a diagram/ showing time distribution of 
guard times of respective layers according to the ninth 
embodiment; I 

FIG. 150 is a diagram showing the relationship between 
multipath delay time and transfer rate according to the ninth 
embodiment, wherein a three-layer signal transmission 
effective to multipath is realized; and 

FIG. 151 is a diagram snowing the relationship between 
multipath delay time and 1 7N ratio according to the ninth 
embodiment, wherein two dimensional, matrix type, multi- 
layer broadcast service a n be realized by combining the 
GTW-OFDM and the C-C DM (or the CSW-OFDM). 

FIG. 152 is a timing chart of a 3-level hierarchical 
television signal at each ti tie slot when GTW-OFDM of the 
ninth embodiment is co nbined with C-CDM (or CSW- 
OFDM); 

FIG. 153 shows the r ilattonship between the multipath 
signal delay time, C/N atio, and transmission rate when 
GTW-OFDM or the nir th embodiment is combined with 
C-CDM (or CSW-OFDM), and is used to describe the 
hierarchical broadcastin \ method using three-dimensional 
matrix structure; 

FIGS. 154A-C togeiher form a frequency distribution 
graph of power weight OFDM in the ninth embodiment; 

FIG. 155 shows the \ osition on the time axis of a 3-level 
hierarchical television j ignal at each time slot when guard. 
lime-OFDM of the ni Uh embodiment is combined with 
C-CDM; 

FIG. 156 is a bloc* diagram of the transmitter and the 
receiver in the fourth md fifth embodiments of the inven- 
tion; 

FIG. 157 is a blocl ; diagram of the transmitter and the 
t and fifth embodiments of the inven- 



receiver in the fourth 



Don; 



l bloc c 



FIG. 158 is a 
receiver in the fourth 
tion; 

FIG. 159(a) is a 
16-level VSB in the 

FIG. 159(6) is a 
diagram in 16-level 
invention; 

FIG. 159(c) is a 
diagram in 16-level 
invention; 



v diagram of the transmitter and the 
and fifth embodiments of the inveu- 



signal point positioning diagram in 
ifth embodiment of the invention; 
signal point positioning (8-ievel VSB) 
VSB in the fifth embodiment of the 

ignal point positioning (4-level VSB) 
VSB in the fifth embodiment of the 
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HG. 159(<f) is a signal poinupositioning (16-lcvcl VSB) 
diagram in 16-lcvcl VSB in the fifth embodiment of the 
invention; 

FIG. 160(a) is a block diagrai i of an ECC encoder in the 
fifth and sixth embodiments of he invention; 

FIG. 160(6) is a block diagrai i of an ECC decoder in the 
fifth and sixth embodiments of he invention; 

FIG. 161 is an overall block d agram of a VSB receiver in 
the fifth embodiment of the invention; 

FIG. 162 is a block diagram >f a the receiver in the fifth 
embodiment of the invention; 

FIG. 163 is a graph of the en or rate and C/N ratio curve 
in 4-level VSB and TC-8-level VSB in the fourth embodi- 
ment of the invention; 

FIG 164 is an error rate c irve of subchannel 1 and 
subchannel 2 in 4-level VSB and TC-8-level VSB in the 
fourth embodiment of the inven ion; 

FIG. 165(a) is a block diag -am of the Reed-Solomon 
encoder in the second, fourth, ax d fifth embodiments of the 
invention; 

FIG. 165(fc) is a block diag -am of the Reed-Solomon 
decoder in the second, fourth, ai d fifth embodiments of the 
invention; 

FIG. 166 is a flowchart of Rec d-Solomon error correction 
and operation in the second, four h and fifth embodiments of 
the invention; 

FIG. 167 is a block diagram of the dcintcrlcaver in the 
second, third, fourth, fifth and sixth embodiments of the 
invention; 

FIG. 168(a) is an interleaveldeintcrleavc table for the 
second, third, fourth, and fifth embodiments of the inven- 
tion; 

FIG. 168(6) shows the imerie; ve distance in the second, 
third, fourth, and fifth embodim* nts of the invention; 

FIG. 169 is a comparison of r< dundancy in 4-level VSB, 
8-lcvel VSB, and 16-level VSB in the fifth embodiment of 
the invention; 

FIG. 170 is a block diagram c f a television receiver for 
receiving the high priority signal < if the second, third, fourth, 
and fifth embodiments of the inv :ntion; 

FIG. 171 is a block diagram of the receiver and transmit- 
ter in the second, third, fourth, an I fifth embodiments of the 
invention; 

FIG. 172 is a block diagram of the receiver and transmit- 
ter in the second, third, fourth, ant 1 fifth embodiments of the 
invention; and 

FIG. 173 is a block diagram of an ASK magnetic record- 
ing and reproducing apparatus according to the sixth 
embodiment of the invention; 

FIG. 174 is a block diagram sh< wing a circuitry arrange- 
ment of QAM/VSB compatible x lodulator for multi-level 
transmission according to Embod mcnt 5. 

FIG. 175 is a block diagram s lowing another circuitry 
arrangement of the QAM/VSB modulator for multi-level 
transmission according to Embodiment 5. 

FIG. 176 illustrates a third modification of the QAM/VSB 
modulator of Embodiment 5. 

FIG. 177 is a block diagram sho *ing a Trellis decoder in 
the demodulator of Embodiment 5 ^ 

FIG. 178 is a block diagram of a receiver of Embodiment 
5 for interception of VSB multi-hvel transmitted signals 
emitted in the air. 

FIG. 179 is illustrates another airangemcnt of the QAM/ 
VSB compatible receiver of Embodiment 5. 
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One embodiment of thi present invention will be 
described referring to the relfcvant drawings. 

In the preferred embodiment of the invention both the 
transmission apparatus, which comprises a transmitter for 
transmitting a digital HDTVbignal or other digital signal 
and a receiver for receiving tfte transmitted signal, and the 
recording and reproducing apparatus, which records the 
digital HDTV signal or other jdigital signal on a magnetic 
tape or other recording mediuni and reproduces the recorded 
signal from said medium, are described. 

It should be noted, however, fliat the configuradon. opera- 
tion, and principle of the digital knodulator and demodulator, 
error correction encoder and dioder. and the encoder and 
decoder for image coding the HpTV signal are common to 
the transmission apparatus and the recording and reproduc- 
ing apparatus, and apply essentially the same technologies. ' 
Therefore, to more concisely deslribe each embo dim e nt , the 
block diagrams for either the transmission apparatus or the 
recording and reproducing apparatus arc referenced in the 
description of each embodiment! In addition, the configu- 
ration of each embodiment of thejinvcniion can be achieved 
by means of any multi-value digital modulation method, 
eg., QAM, ASK and PSK, positioning signal points in a 
constellation, and for brevity the embodiments of the present 
invention arc described using onld one modulation method 
FIG. 1 shows the entire arrangement of a signal transmission 
system according to the first embodiment of the present 
invention. A transmitter 1 comprises an input unit 2, divider 
circuit 3, a modulator 4, and a transmitter unit 5. In opera- 
tion, each input multiplex signal ii divided by the divider 
circuit 3 into three groups, a first dita stream Dl, a second 
data stream and, a third data strcin D3, which are then 
modulated by the modulator 4 beford being transmitted from 
the transmitter unit 5. The modulated signal is sent up from 
an antenna 6 through an uplink 7 to 4: satellite 10 where it is 
intercepted by an uplink antenna III and amplified by a 
transponder 12 before being transrnltted from a downlink 
antenna 13 towards the ground. 1 

The transmission signal is then serlt down through three 
downlinks 21. 32, and 41 to a first 23. a second 33, and a 
third receiver 43 respectively. In the Hirst receiver 23, the 
signal intercepted by an antenna 22 istfed through an input 
unit 24 to a demodulator 25 where its first data stream only 
is demodulated, while the second and tiird data streams are 
not recovered, before being transmitted further from an 
output unit 26. I 

Similarly, the second receiver 33 aHows the first and 
second data streams of the signal intercepted by an antenna 
32 and fed from an input unit 34 to be demodulated by a 
demodulator 35 and then, combined by |a mixer 37 into a 
single data stream which is then transmittkd further from an 
output unit 36. 1 

The third receiver 43 allows all of theW second, and 
third data streams of the signal interceptedtoy an antenna 42 
and fed from an input unit 44 to be demodulated by a 
demodulator 45 and then, combined by ateiixer 47 into a 
single data stream which is then transmitted further from an 
output unit 46. I 

As understood, the three discrete receiveri 23, 33. and 43 
have their respective demodulators of different characteris- 
tics such that their outputs demodulated from the same 



frequency band sign 
different sizes. More 
padble data can si 
frequency band sig 
example, each of thre 
HDTV, digical signal 
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of the transmitter 1 contain data of 
taxticularly, three different but com- 
tltaneously be carried on* a given 
to their respective receivers. For 
. existing NTSC, HDTV, and super 

. w _. o a is divided into low, high, and super 

high frequency band components which represent the first, 
the second, and the thiid data stream respectively. Accord- 
ingly, the three different TV signals can be transmitted on a 
one-channel frequency band carrier for simultaneous repro- 
duction of medium, hijh, and super high resolution TV 
images respectively. 

The NTSC TV signal Is intercepted by a receiver accom- 
panied by a small antenrla for demodulation of small-sized 
data; the HDTV signal ii intercepted by a receiver accom- 
panied by a medium antehna for demodulation of medium- 
sized data, and the super jHDTV signal is intercepted by a 
receiver accompanied by a large antenna for demoduladon 
of large-sized data. Also, bs illustrated in FIG. 1, a digital 
NTSC TV signal containing only the first data stream for 
digital NTSC TV broadcasting service is fed to a digital 
transmitter 51 where it is received by an input unit 52 and 
modulated by a demodulator 54 before being transmitted 
further from a transmitter udit 55. The demodulated signal is 
then sent up from an antennb 56 through an uplink 57 to the 
satellite 10 which in turn Itransmits the same through a 
downlink 58 to the first rccliver 23 on the ground. 
The first receiver 23 demodulates with its demodulator 25 



the modulated digital signal 
milter 51 into the original fin 
the same modulated digital 
demodulated by the second 
into the first data stream or 
the three discrete receivers 
and process a digital signal o 
reproduction. 

The arrangement of the sign 
described in more detail. 

FIG. 2 is a block diagram of 
input signal is fed across the in 
divider circuit 3 into three digi 
a second, and a third data sue 

Assuming that the input sign 
frequency band component is 
stream, its high frequency band 
data stream, its super-high frcque 
third data stream. The three diffcrei 



lates witn its ocmoamaiur *o 
pplied from the digital trans- 
_ data stream signal. Similarly, 
tignal can be intercepted and 
[ceiver 33 or third receiver 43 
SC TV signal. In summary, 
33, and 43 all can intercept 
the existing TV system for 



transmission system will be 

ie transmitter 1, in which an 
it unit 2 and divided by the 
signals containing a first, 
respectively. 

is a video signal, its low 
►signed to the first data 
lomponent to the second 
:y band component to the 
" frequency band signals 



are fed to a modulator input 61 ofVhe modulator 4. Here, a 
signal point shifting circuit 67 shifts the positions of the . 
signal points according to an exteftially given signal. The 
modulator 4 is arranged for amplitude modulation on two 
90°-out-of phase carriers respective^ which are then com- 
bined into a multiple QAM signal. iMore specifically, the 
signal from the modulator input 61 is\fcd to both a first AM 
modulator 64 and a second AM modulator 63. Also, a carrier 
wave of cos(27tfct) produced by a cirrier generator 64 is 
directly fed to the first AM modulator\64 and also, to a tfl 
phase shifter 66 where it is 90° shifted in phase to a 
sin(2nfct) form prior to being transmitted to the second AM 
modulator 63. The two amplitude modulated signals from 
the first and second AM modulators 64, 163 are combined by 
a summer 65 into a transmission sighal which is then 
transferred to the transmitter unit 5 for output TTic proce- 
dure is. well known and will not be furtrler explained. 

The QAM signal will now be describedin a common 4x4 
or 16 state constellation referring to the first quadrant of a 
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space diagram in FIGl 3. The output signal of the modulator 
4 is expressed by a sin vector of two, Acoslicfct and Bcos 
2nfct, vectors 81 andl82 which respectively represent the 
two 90°-out-of-phasc learners. When the distal point of a 
sum vector from the zdro point represents a signal point, the 
16 QAM signal has \l6 signal points determined by a 
combination of four horizontal amplitude values a lt a 2 , a 3 , . 
and a 4 and four verticalamplitude values b|. bj. bj. and b 4 . 
The first quadrant in FIG. 3 contains signal points 83 at c M , 
84 at c 12 , 85 at c^, and 86 at c^. 

c u is a sum vector of & vector 0-a t and a vector 0-b, and 
thus, expressed as c ll =a l tos2rfct-* 1 sin2irfct=Acos (2irfct+ 
dn72). \ 

It is now assumed that the distance between 0 and a 4 in the 
orthogonal coordinates of FIG. 3 is A t . between a t and aj is 
A 2 . between 0 and bj is Bl, and between b t and bj is B^. 

As shown in FIG. 4 t theU6 signal points are allocated in 
a vector coordinate, in which each point represents a four-bit 
pattern thus to allow the transmission of four bit data per 
period or time slot. 1 

FIG. 5 illustrates a comrrLm assignment of two-bit pat- 
terns to the 16 signal points.! 

When the distance berwecd two adjacent signal points is 
great, it will be identified by the receiver with much ease. 
Hence, it is desirable to spack the signal points at greater 
intervals. If two particular signal points arc allocated near to 
each other, they are rarely distinguished the error rate will be 
increased. Therefore, it is most ^referable to have the signal 
points spaced at equal intervals as shown in FIG. 5, in which 
the 16 QAM signal is defined Bv A^Aj/2. 

The transmitter 1 of the embodiment is arranged to divide 
an input digital signal into a firstt a second, and a third data 
or bit stream. The 16 signal point* or groups of signal points 
arc divided into four groups. ThcL 4 two-bit patterns of the 
first data stream are assigned to tlfc four signal point groups 
respectively, as shown in FIG. 6. More particularly, when the 
two-bit pattern of the first data stream is 11, one of four 
signal points of the first signal point group 91 in the first 
quadrant is selected depending on me content of the second 
data stream for transmission. Similarly, wheo 01. one signal 
point of the second signal point ioup 92 in the second 
quadrant is selected and transnuttcd. When 00. one signal 
point of the third signal point group 93 in the third quadrant 
is transmitted and when 10. one sighal point of the fourth 
signal point group 94 in the fourth quadrant is transmitted. 
Also. 4 two-bit patterns in the >econd\data stream of the 16 
QAM signal, or e.g. 16 four-bit partertos in the second data 
stream of a 64-state QAM signal, are assigned to four signal 
points or sub signal point groups of eath of the four signal 
point groups 91. 92, 93. and 94 respectively, as shown in 
FIG. 7. It should be understood that! the assignment is 
symmetrical between any two quadrantslTbe assignment of 
the signal points to the four groups 9ll92. 93. and 94 is 
determined by priority to the two-bit daVa of the first data 
stream. As the result, two-bit data of the fiht data stream and 
two-bit data of the second data stream An be transmitted 
independently. Also, the first data streamlwill be demodu- 
lated using a common 4 PSK receiver paving a given 
antenna sensitivity. If the antenna sensiutity is higher, a 
modified type or the 16 QAM receiver \of the present 
invention will intercept and demodulate both the first and 
second data stream with equal success. \ 

FIG. 8 shows an example of the assignmentWthe first and 
second data streams in two-bit patterns. \ 

When the low frequency band component lof an HDTV 
video signal is assigned to the first data streaniand the high 
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frequency component to the second data stream, the 4 PSK 
receiver can produce an NTSC-lcvel picture from the first 
data stream andtoc 16- or 64-statc QAM receiver can 
produce an HDTV picture from a composite reproduction 
signal df the firsl and second data streams. 

Since the signkl points are allocated at equal intervals, 
there is developedin the 4 PSK receiver a threshold distance 
between the coordinate axes and the shaded area of the first 
quadrant, as showti in FIG. 9. If the threshold distance is 
A ro . a PSK signal having an amplitude of Aj. 0 will suc- 
cessfully be imcrciptcd. However, the amplitude has to be 
increased to a thrccT times greater value or 3A ro for trans- 
mission of a 16 QAM signal while the threshold distance 
A TO is maintained, more particularly, the energy needed for 
transmitting the 16 QAM signal is nine times greater than 
that for sending the PSK signal Also, when the 4 PSK 
signal is transmitted in a 16 QAM mode, energy waste will 
be high and reproducfiion of a carrier signal will be trouble- 
some. Above all, the inergy available for satellite transmit- 
ting is not abundant but strictly limited to minimum use. 
Hence, no largc-energy-consuming signal transmitting sys- 
tem will be put into piactice until more energy for satellite 
transmission is available. It is expected that a great number 
of the 4 PSK receivers Will be introduced into the market as 
digital TV broadcastinais placed in service. After introduc- 
tion to the market, the 4PSK receivers will hardly be shifted 
to higher sensitivity models because a signal intercepting 
characteristic gap between the two. old and new, models is 
high. Therefore, the transmission of the 4 PSK signals must 
not be abandoned. In thA respect, a new system is desper- 
ately needed for transmitrtng the signal point data of a quasi 
4 PSK signal in the 16\QAM mode using less energy. 
Otherwise, the limited chcrgy at a satellite station will 
degrade the entire transmission system. 

The present invention risides in a multiple signal level 
arrangement in which the lour signal point groups 91, 92, 
93, and 94 arc allocated at a greater distance from each other, 
as shown in FIG. 10, for minimizing the energy consumption 
required for 16 QAM modulation of quasi 4 PSK signals. 

For clearing the relationship between the signal receiving 
sensitivity and the ttansmittihg energy, the arrangement of 
the digital transmitter 51 and the first receiver 23 will be 
described in more detail refertring to FIG. 1. 

Both the digital transmitter 51 and the first receiver 2 3 are 
formed of known types for data transmission or video signal 
transmission e.g. in TV broadcasting service. As shown in 
FIG. 17, the digital transmitted 51 is a 4 PSK transmitter 
equivalent to the multiple-bit QAM transmitter 1, shown in 
FIG. 2, without AM modulationkapability. In operation, an 
input signal is fed through an irfcut unit 52 to a modulator 
54 where it is divided by a modulator input 121 into two 
components. The two component are then transferred to a 
first two-phase modulator circuit 122 for phase modulation 
of a base carrier and a second tw6-phase modulator circuit 
123 for phase modulation of a cahicr which is 90° out of 
phase with the base carrier respectively. The two outputs of 
the first and second two-phase motiulator circuits 122 and 
123 arc then combined by a surroncr 65 into a composite 
modulated signal which is further tAansmitted from a trans- 
mitter unit 55. \ 

The resultant modulated signal ft shown in the space 
diagram of FIG. 18. 1 

It is known that the four signal poiitts are allcated at equal 
distances for achieving optimum energy utilization. FIG. 18 
illustrates an example where the four lignal points 125, 126, 
127, and 128 represent 4 two-bit patterns, 11, 01, 00, and 10 
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respectively. It is alscAdcsirablc for successful data transfer 
from the digital transmitter 51 to the first receiver 23 that the 
4 PSK signal from thd digital transmitter 51 has an ampli- 
tude of not less than a (given level. More specifically, when 
the minimum amplitude of the 4 PSK signal needed for 
transmission from the! digital transmitter 51 to the first 
receiver 23 of 4 PSK liode, or the distance between 0 and 



a, in FIG. 18 is A TO , l 
intercept any 4 PSK sig 

The first receiver 23 
diameter antenna 22 a 
transmitted from the 
respectively through tht 
and demodulate it with 
the first receiver 23 is sul 
of a digital TV or data 
2 PSK mode. 

FIG. 19isablockdiagi 
an input signal received 
12 is fed through the it) 
circuit 131 where a carri 
phase shifter 132 where 
lated. Also, two 90°-out- 



first receiver 23 must successfully 
having an amplitude of more than 

arranged to receive at its small- 
lesired or 4 PSK signal which is 

miner 1 or digital transmitter 51 
transponder 12 of the satellite 10 

e demodulator 24. In more detail, 

tantially designed for interception 
immunications signal of 4 PSK or 

t of the first receiver 23 in which 
antenna 22 from the satellite 
It unit 24 to a carrier reproducing 
(wave is demodulated and to a 

phase carrier wave is demodu- 
f-phase components of the input 



signal are respectively delected by a first phase detector 
circuit 133 and a second pnase detector circuit 134 and are 
respectively transferred to first 136 and second discrimina- 
tion/demodulation circuits 136 and 137. Two demodulated 
components from their respective disarm cation/demodula- 
tion circuits 136 and 1371 which have separately been 
discriminated at units of timaslot by means of timing signals 
from a timing wave extracting circuit 135, are fed to a first 
data stream reproducing unitl232 where they arc combined 
into a first data stream signallwhich is then delivered as an 
output from the output unit- 21 

The input signal to the fiist receiver 23 will now be 
explained in more detail rcferfing to the vector diagram of 
FIG. 20. Tae 4 PSK signal reciived by the first receiver 23 
from the digital transmitter 51 $ expressed in an ideal form 
without transmission distortion 
points 151, 152, 153, and 154, 
In practice, the real four sign: 
extended areas about the ideal 
153, and 154 respectively due to 
and phase error developed during 
point is unfavorably displaced fi 
will hardly be distinguished froi 
point and the error rate will thus ' 
rate increases to a critical level, 
becomes less accurate. For enablinj 
a maximum acceptable level of 



nd noise, using four signal 
i shown in FIG. 20. 
[points appear in particular 
}ignal positions 151, 152, 
oise, amplitude distortion, 
amission. If one signal 
i its original position, it 
its neighboring signal 
: increased. As the error 
he reproduction of data 
i the data reproduction at 
:1 error ra:c, the distance 



between any two signal points should be fa: enough to be 
distinguished from each other. If tht distance is 1A*,. the 
signal point 151 of a 4 PSK signal close to a critical error 
level has to stay in a first discrimination area 155 denoted by 
the hatching of FIG. 20 and determinfcd by lO-a^kA^ and 
10-b^kA^. This allows the signal transmission system to 
reproduce carrier waves and thus, demodulate a wanted 
signal. When the rrunimum radius of tht antenna 22 is set to 
r 0 , the transmission signal of more tharia given level can be 
intercepted by any receiver of the system. The amplitude of 
a 4 PSK signal of the digital transmitted 51 shown in FIG. 
18 is minimum at A ro and thus, the minimum amplitude A*<, 
of a 4 PSK signal to be received by thelfirst receiver 23 is 
determined to be equal to A^ As a result, the first receiver 
23 can intercept and demodulate the 4 PSK signal from the 
digital transmitter 51 at the maximum acceptable level of the 



17 

error rate when Ihc radius of the antenna 22 is more than r 0 . 
If the transmission signal is of a modified 16- or 64-state 
QAM mode, the first receiver 23 may find it difficult to ■ 
reproduce its earner wave. For compensation, the signal 
points arc increased to eight which arc allocated at angles of 
(K/4+nn72) as shoUn in FIG. 25(a) and its carrier wave will 
be reproduced by a 16x multiplication technique. Also, if the 
signal points arc assigned to 16 locations at angles of rnt/8 
as shown in FIG. 25(6)* tnc carrier of a quasi 4 PSK mode 
16 QAM modulated signal can be reproduced with the 
carrier reproducing circuit 131 which is modified for per- 
forming 16x frequency multiplication. At the time, the 
signal points in thfc transmitter 1 should be arranged to 
satisfy A^A^A^kzniidZ), 

Here, a case of receiving a QPSK signal will be consid- 
ered. Similarly to thi manner performed by the signal point 
setting circuit 67 in lie transmitter shown in FIG. 2, it is also 
possible to modulate the positions of the signal points of the 
QPSK signal showd in FIG. 18 (amplitude-modulation, ' 
pulse-modulation, orkhc like). In this case, the signal point 
demodulating unit 133 in the first receiver 23 demodulates 
the position modulated or position changed signal. The 
demodulated signal is] outputtcd together with the first data 
stream. 

The 16 PSK signi of the transmitter 1 will now be 
explained referring lolhc vector diagram of FIG. 9. When 
the horizontal vector distance A t of the signal point S3 is 
greater than A TO of thfc minimum amplitude of the 4 PSK 
signal of the digital transmitter 51, the four signal points 83, 
84, 85. and 86 in the first quadrant of FIG. 9 stay in the 
shaded or first 4 PSKl signal receivable area 87. When 
received by the first receiver 23. the four points of the signal 
appear in the first discriminating area of the vector field 
shown in FIG. 20. HcnceJany of the signal points 83, 84, 85, 
and 86 of FIG. 9 can be nranslated into the signal level 151 
of FIG. 20 by the first receiver 23 so that the two-bit pattern 
of 11 is assigned to a corresponding time slot. The two-bit 
pattern of 11 is identical td 11 of the first signal point group 
91 or first data stream of p signal from the transmitter 1. 
Equally, the first data stream will be reproduced at the 
second, third, or fourth quadrant: As the result, the first 
receiver 23 reproduces twolbit data of the first data stream 
out of the plurality of data streams in a 16-, 32-, or 64-state 
QAM signal transmitted from the transmitter 1. The second 
and third data streams are contained in four segments of the 
signal point group 91 and thus, will not affect the demodu- 
lation of the first data stream.lThey may however affect the 
reproduction of a carrier wavciand an adjustment, described 
later, will be needed. 

If the transponder of a satellite supplies an abundance of 
energy, the forgoing technique of 16 to 64-state QAM mode 
transmission will be feasible. However, the transponder of 
the satellite in any existing satellite transmission system is 
strictly limited in the power supply due to its compact size 
and the capability of solar batteries. If the transponder or 
satellite is increased in size and mus weight, its launching 
cost will soar. This disadvantage vkll rarely be eliminated by 
traditional techniques unless the cost of launching a satellite 
rocket is reduced by a considerable level. In the existing 
system, a common communicauons\satellite provides as low 
as 20 W of power and a common broadcast satellite offers 
100 W to 200 W at best. For transrrfcssion of such a 4 PSK 
signal in the symmetrical 16-state QAM mode as shown in 
FIG. 9, the minimum signal point disancc is needed 3AJO as 
the 16 QAM amplitude is expressed by 2A,=A 2 .Thus, the 
energy needed for the purpose is nine limes greater than that 
for transmission of a common 4 PSK sigoal, in order to 
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■maintain compatibility Aho, any rruwefrttuiul MLiiUUl licuT 
spondcr can hardly provide a power for enabling suctf a 
small antenna of the 4 PSK first receiver lo interccA ^a 
transmitted signal therefrom. For example, in the existing 40 
W system, 360 W is needed for appropriate signal transmis- 
sion and will be unrealistic with respect to cost. / 

It would be understood that the symmetrica] signal Mate 
QAM technique is most e£Tective when the receivers 
equipped with the same sized antennas are employed cor- 
responding to a given transmitting power. Meyer novel 
technique will however be preferred for use witn receivers 
equipped with different sized antennas. / 

In more detail, while the 4 PSK signal can b/ intercepted 
by a common low cost receiver system hayfring a small 
antenna, the 16 QAM signal is intended to be/received by a 
high cost, high quality, multiple-bit modulating receiver 
system with a medium or large sized antenna which is 
designed for providing highly valuable sendees, e.g. HDTV 
entertainment, to a particular person Who invests* more 
money. This allows both 4 PSK and 10 QAM signals, if 
desired, with a 64 DMA, to be transrnifted simultaneously 
with the help of a small increase in the/ transmitting power. 

For example, the transmitting powfrr can be maintained 
low when the signal points are allocated at A ( =A 2 as shown 
in FIG. 10. The amplitude A(4) forAransmission of 4 PSK 
data is expressed by a vector 96 equivalent to square root of 
(Ai+A^+CBj+Bj) 2 . Then, 7 

U(16)tAA(4)l*2 / 

Accordingly, the 16 QAM/signal can be transmitted at a 
two limes greater amplitude/and a four times greater trans- 
mitting energy than those rteeded for the 4 PSK signal A 
. modified 16 QAM signal according to the present invention 
will not be demodulated bk a common receiver designed for 
symmetrical, equally distanced signal point QAM. How- 
ever, it can be demodulated with the second receiver 33 
when two threshold values A! and A 2 are preset to appro- 
priate values. In FIG./lO, the minimum distance between 
two signal points in ihe first segment of the signal point 
group 91 is A x and a£/2A, is established as compared with 
the distance 2A, oP4 PSK. Then, as Aj=A a . the distance 
becomes Yi. This explains that the signal receiving sensitiv- 
ity has to be two tfmes greater for the same error rate and 
four times greate/ for the same signal level. For having a 
four limes greatir value of sensidvity, the radius r a of the 
antenna 32 of the second receiver 33 has to be two times 
greater than tfle radius r, of the antenna 22 of the first 
receiver 23 this satisfying r 2 =2 ri . For example, the antenna 
32 of the sccW receiver 33 is 60 cm diameter when the 
antenna 22 if the first receiver 23 is 30 cm. In this manner, 
the second/data stream representing the high frequency 
componen/of an HDTV will be carried on a signal channel 
and demodulated successfully. As the second receiver 33 
intcrccpt/the second data stream or a higher data signal, its 
owner cin enjoy a of high investment return. Hence, the 
second Aceiver 33 of a high price may be accepted. As the 
minimJm energy for transmission of 4 PSK data is prede- 
termined, the ratio n 16 of modified 16 APSK transmitting 
energy/ to 4 PSK transmitting energy will be calculated 
according to the antenna radius r 2 of the second receiver 33 
using! ratio between A x and A 2 shown in FIG. 10. 

iXaruculaj^j^^ by ((A^AJ/A,) 5 which is 

the mJmmurne^crgy for transrnjssion of 4 PSK data. Altte 
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tion is A 2 .Thc signal point distance for 4 PSK interception 
is 2A,, and the signal point distance ratio is Aj^AjVthc 
antenna radius r 3 is determined as shown in FIG. U, in 
which the curve 101 represents the relationship between the 
transmitting energy ratio n l6 and the radius r 2 of the antenna 
22 of the second receiver 23. / 

Also, the point 102 indicates transmission of common 16 
QAryl at the equal distance signal state mode where the 
transmitting energy is nine times greater and tpus will no 
more be practical. As apparent from the graph of FIG. 11, the 
antenna radius r 2 of the second receiver 23 cannot be 
reduced further even if n 16 is increased more than 5 times. 

The transmitting energy at the satellite/is limited to a 
small value and thus, n 16 preferably staysAiot more than 5 
times the value, as denoted by the hatching of FIG. 11. The 
point 104 within the hatching area A 03 indicates, for 
example, that the antenna radius r 2 oyz two times greater 
value is matched with a 4x value of the transmitting energy. 
Also, the point 105 represents that tile transmission energy 
should be doubled when r 2 is about J5x greater. Those values 
are all within a feasible range. / 

The value of n 16 not greater tMan 5x value is expressed 
using A t and A 2 as: / 

Hence, A 2 <1.23A,. / 

If the distance bctweert any two signal point group 
segments shown in FIG./lO is 2A(4) and the maximum 
amplitude is 2A(16), A(4/and A(16)-A(4) are proportional 
to Al and A2 respectively. Hence, (A(16)) 2 <5(A(14)) a is 
established. / 

The action of a modified 64 ASPK transmission will be 
described as the third r/ceiver 43 can perform 64-state QAM 
demodulation. / 

FIG. 12 is a vector diagram in which each signal point 
group segment contains 16 signal points as compared with 
4 signal points of FIG. 10. The first signal point group 
segment 91 in F1G./12 has a 4x4 matrix of 16 signal points 
allocated at equal /intervals including the point 170. For 
providing compatibility with 4 PSK , A^Ajq has to be 
satisfied. If the radius of the antenna 42 of the third receiver 
43 is r 3 and the ttansmitling energy is n^, the equation is 
expressed as: / 



This relationship between r 3 and n of a 64 QAM signal is 
also shown in/the graphic representation of FIG. 13. 

It is understood that the signal point assignment shown in 
FIG. 12 allof s the second receiver 33 to demodulate only 
two-bit patterns of 4 PSK data. Hence, it is desirable for 
compatibility between the first, second, and third receivers 
that the second receiver 33 is capable of demodulating a 
modified 16 QAM form from the 64 QAM modulated signal. 

The compatibility between the three discrete receivers can 
be implemented by three-level grouping of signal points, as 
illustrated in FIG. 14. A description follows referring to the 
first quadrant in which the first signal point group segment 
91 represents the two-bit pattern 11 of the first data stream. 

In particular, a first sub segment 181 in the first signal 
point group segment 91 is assigned the two-bit pattern 11 of 
the second data stream. Equally, a second 182, a third 183, 
and a/fourth sub segment 184 arc assigned 01, 00, and 10 of 
the 7ame respectively. This assignment is identical to that 
shown in HGJL 
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The signal point allocation of the third data stream w/ll 
now be explained referring to the vector dtigram of FIG. A5 
which shows the first quadrant. As shown, the four signal 
points 201. 205, 209, and 213 represent the two-bit paUern 
of 11. the signal points 202. 206, 210, and 214 represenf 01, 
the signal points 203, 207, 211. and 215 represent 00/ and 
signal points 204, 208. 212, and 216 represent 10. Accord- 
ingly, the two-bit patterns of the third data stream tan be 
transmitted separately of the first and second data streams. 
In other words, two-bit data of the three difJeren/ signal 
levels can be transmitted respectively. 

As understood, the present invention permits mot only 
transmission of six-bit data but also interception/ of three, 
two-bit, four-bit, and six-bit, different bit length/ data with 
their respective receivers while the signal compatibility 
remains between these levels. / 

The signal point allocation for providing iompatibility 
between the three levels will be described / 

As shown in FIG. 15, A^A*, is essential ftr allowing the 
first receiver 23 to receive the first data stream. 

It is necessary to space any two signal rfoints from each 
other by such a distance that the sub segment signal points, 
e.g. 182, 183, 184, of the second data stream shown in FIG. 
15 can be distinguished from the signal fcoint 91 shown in 
FIG. 10. / 

FIG. 15 shows that they are spaced By %A 2 . In this case, 
the distance between the two signal obints 201 and 202 in 
the first sub segment 181 is Aj/6. Tje transmitting energy 
needed for signal interception with the third receiver 43 is 
now calculated. If the radius of the Antenna 32 is r 3 and the 
needed transmitting energy is n^ tifnes the 4 PSK transmit- 
ting energy, the equation is expressed as: 



This relationship is also denied by the curve 211 in FIG. 
16. For example, if the transacting energy is 6 or 9 times 
greater than that for 4 PSK transmission at the point 223 or 
222, the antenna 32 having a radius of 8x or 6x value 
respectively can intercept tSe first, second, and third data 
streams for demodulation. Afs the signal point distance of the 
second data stream is closeio VjAj, the relationship between 
t l and r 2 is expressed by:/ 



Therefore, the antennafl2 of the second receiver 33 has to 
be slightly increased id radius as denoted by the curve 223. 

As understood, while the first and second data streams are 
transmitted through d traditional satellite which provides a 
small signal traiumUung energy, the third data stream can 
also be transmitted through a future satellite which provides 
a greater signal transmitting energy without interrupting the 
action of the first and second receivers 23 or 33 or with no 
need of modification of the same and thus, both the com- 
patibility and the/advancement is ensured. 

The signal receiving action of the second receiver 33 will 
first be described. As compared with the first receiver 23 
arranged for interception with a small radius i x antenna and 
demodulation ff the 4 PSK modulated signal of the digital 
transmitter 5l/or the first data stream of the signal of the 
transmitter 1,/he second receiver 33 is adopted for perfectly 
demodulating the 16 signal state two-bit data, shown in FIG. 
10 or secoriS data stream of the 16 QAM signal from the 
transmitter L In total, four-bit data including also the first 
data strcanfean be demodulated. The ratio between A x and 
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A 2 is however different in the two transmitters. Tlhc two 
different data are loaded to a demodulation controller 231 of 
the second receiver 33. shown in FIG. 21, whicn in turn 
supplies their respective threshold values to the demodulat- 
ing circuit for AM demodulation. / 

The block diagram of the second receiver 33 in FIG. 21 
is similar in basic construction to that of the first /eceiver 23 
shown in FIG. 19. The difference is that the radius r 2 of the 
antenna 32 is greater than r, of the anteana 22JThis allows 
the second receiver 33 to identify a signay component 
involving a smaller signal point distance. The/demodulator 
35 of the second receiver 33 also contains first and second 
data stream reproducing units 232 and 233 in Addition to the 
demodulation controller 231. There is provirJed a first dis- 
crimination/demodulation circuit 136 for AM demodulation 
of modified 16 QAM signals. As understood, each carrier is 
a four-bit signal having two, positive and nagativc, threshold 
values about the zero level. AS apparent from the vector 
diagram, of FIG. 22, the threshold values are varied depend- 
ing on the transmitting energy of a transmitter since the 
transmitting signal of the embodiment is a modified 16 
QAM signal. When the reference threshold is TH l6 , it is 
determined by, as shown in FIG. 22: / 



TH „=( A ,+Aj/2y(A |+AJ / 

The various data for demodulation including A, and Aj or 
TH l6 , and the value m for multiple/bit modulation arc also 
transmitted from the transmitter 1 as carried in the first data 
stream. The demodulation controUer 231 may be arranged 
for recovering such demodulation data through statistical 
process of the received signal. / 

A way of determining the sjhift factor A^Aj will be 
described with reference to FIG. 26. A change of the shift 
factor Aj/A 2 causes a change of the threshold value. Increase 
of a difference of a value of AjjA 2 set at the receiver side 
from a value of A x fA 2 set at the/ transmitter side will increase 
the error rate. Referring to FIG. 26, the demodulated signal 
from the second data stream/reproducing unit 233 may be 
fed back to the demodulation controller 231 to change the 
shift factor A,/A 2 in a direction to increase the error rate. By 
this arrangement, the third receiver 43 may not demodulate 
the shift factor A t fA 2 , so mat the circuit construction can be 
simplified. Further, the transmitter may not transmit the shift 
factor A,/A 2 , so that thfe transmission capacity can be 
increased. This technique/can be applied also to the second 
receiver 33. / 

FIGS. 25(a) and 25(0) are views showing signal point 
allocations for the C-GDM signal points, wherein signal 
points are added by shifting in the polar coordinate direction 
(r. G). The previously described C-CDM is characterized in 
that the signal points arc shifted in the rectangular coordi- 
nate direction, i.e. XY Direction; therefore it is referred to as 
rectangular coordinate system C-CDM. Meanwhile, this 
C-CDM characterize^ by the shifting of signal points in the 
polar coordinate direction, i.e. r, 9 direction, is referred to as 
polar coordinate system C-CDM. 

FIG. 25(a) showfe the signal allocation of 8PS-APSK 
signals, wherein four signal points are added by shifting 
each of 4 QPSK signals in the radius r direction of the polar 
coordinate systcrqT In this manner, the APSK of polar 
coordinate system C-CDM having 8 signal points is 
obtained from the/QPSK as shown in FIG. 25(a). As the pole 
is shifted in the polar coordinate system to add signal points 
in this APSK, & is referred to as shifted pole-APSK, Le. 
SP-APSK in thfc abbreviated form. In this case, coordinate 
values of the/ newly added four QPSK signals 85 are 
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specified by using a shift factor S, as shown in FIG: 139. 
Namely, 8 PS * APS K signal points includes ordmaryQPSK 
signal points 83 (r 0 , G 0 ) and a signal point ((S t+Wfro. e o) 
obtained by shifting the signal point 83 in the/ radius r 
direction by an amount of S x Xq. Thus, a 1-bit subchannel 2 
is obtained in addition to a 2-bit subchannel 1 identical with 
the QPSK. / 

Furthermore, as shown in the constellation diagram of 
FIG. 140, new eight signal points, represeo/ed by coordi- 
nates (r 0 +S 2 r 0 . 6 0 ) and (ro+Sjo+S^Q, G^. oan be added by 
shifting the eight signal points (r 0 , Gq) ana (r 0 +Sjr 0 , 6p) in 
the radius r direction. As this allows two kmds of allocations, 
a 1-bit subchannel is obtained and is referred to as 16PS- 
APSK which provides the 2-bit subchinnel 1, 1-bit sub- 
channel 2 ( and 1-bit subchannel 3. Ph the 16-PS-APSK 
disposes the signal points on the lines of ^V4(2n+l)jc 1 it 
allows the ordinary QPSK receiver explained with reference 
to FIG 19 to reproduce the carrier wave to demodulate the 
first 2-bit subchannel although the second subchannel cannot 
be demodulated. As described above 7 , the C-CDM method of 
shifting the signal points in the polar coordinate direction is 
useful in expanding the capacity of information data trans- 
mission while assuring compatibility to the PSK, especially 
to the QPSK receiver, a main/ receiver for the present 
satellite broadcast service. Therefore, without losing the first 
generation viewers of the satellite broadcast service based 
on the PSK, the broadcast service will advance to a second 
generation stage wherein the APSK will be used to increase 
transmittable information amiunt by use of the multi-level 
modulation while maintaininlg compatibility. 

In FIG. 25(6), the signal points are allocated on the lines 
of e=n/8. With this arrangement, the 16 PSK signal points 
arc reduced or limited to 12fsignal points, i.e. 3 signal points 
in each quadrant. With tnis limitation, these three signal 
points in each quadrant a/e roughly regarded as one signal 
point for 4 QPSK signals/ Therefore, this enables the QPSK 
receiver to reproduce flic first subchannel in the same 
manner as in the previous embodiment. 

More specifically, the signal points are disposed on the 
lines of G=rt/4, 6=7i/4+ta/8, and 6=it/4-7t/8. In other words, 
the added signals are offset by an amount ±Q in the angular 
direction of the polar coordinate system from the QPSK 
signals disposed on ie lines of G=n/4. Since all the signals 
are in the range of eUt/4±jc/8, they can be regarded as one 
of the QPSK signal points on the line of 9=7t/4. Although the 
error rate is iowcjfcd a litde bit in this case, the QPSK 
receiver 23 shown/in FIG. 19 can discriminace these points 
as four signal points angularly allocated. Thus, 2-bit data can 
be reproduced. / 

In case of the /angular shift C-CDM, if signal points are 
disposed on theiines of 7i/n, the carrier wave reproduction 
circuit can reproduce the carrier wave by the use of an 
n-multiplier circuit in the same manner as in other embodi- 
ments. If the s/gnal points are not disposed on the lines of 
rJn t the carrier wave can be reproduced by transmitting 
several pieces/of carrier information within a predetermined 
period in the same manner as in other embodiment. Assum- 
ing that an artgle between two signal points of the QPSK or 
8-SP-APSKas 2G 0 in the polar coordinate system and a first 
angular sniff factor is PI, two signal points (r^ G 0 +P|Go) and 
(r 0 . %-PjGoJ are obtained by shifting the QPSK signal point 
in the angular G direction by an amount ±P,6o. Thus, the 
number of/signal points are doubled. Thus, the 1-bit sub- 
channel 3 /can be added and is referred to as 8-SP-PSK of 
P=P1. If rfght signal points are further added by shifting the 
8-SP-PSK signals in the radius r direction by an amount 
S t r 0 , it will become possible to obtain 16-SP-APSK (P, S t 
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type) as shown in FIG. 142. The subchannels 1 and 2 canlbc 
reproduced by two 8PS-PSKs having the same phisc. 
Reluming to FIG. 25(b), as the C-CDM based on the angular 
shift in the polar coordinate system can be applied to the • 
PSK as shown in FIG. 141, this will be adopted to we first 
generation satellite broadcast service. However, ifijdopted 
to the second generation satellite broadcasting based on the 
APSK, this polar coordinate system C-CDM is Inferior in 
that signal points in the same group cannot be/uniformly 
spaced as shown in FIG. 142. Accordingly, utilization effi- 
ciency of electrical power is worsened. On the/ other hand, 
the rectangular coordinate system C-CDM hp good com- 
patibility to the PSK. / 

The system shown in FIG. 25(b) is compatible with both 
the rectangular and polar coordinate systems. As the signal 
points are disposed on the angular lines of /he 16 PSK, they 
can be demodulated by the 16 PSK. Furthermore, as the 
signal points are divided into groups, the CPSK receiver can 
be used for demodulation. Still further, As the signal points 
are also allocated to suit the rectangular coordinate system, 
the demodulation will be performed/by the 16-SRQAM. 
Consequently, the compatibility becween the rectangular 
coordinate system C-CDM and the polar coordinate system 
C-CDM can be assured in any of fhcQPSK. 16PSK, and 
16-SRQAM. / 

The demodulation controller 231 has a memory 231a for 
storing therein different threshold values (i.e., the shift 
factors, the number of signal points, the synchronization 
rules, etc.) which correspond /to different TV broadcast 
channels. When receiving onrf of the channels again, the 
values corresponding to the receiving channel will be read 
out of the memory to thereby iiabilize the reception quickly. 

If the demodulation data is lost, the demodulation of the 
second data stream will hardly be executed. This will be 
explained referring to a flowchart shown in FIG. 24. 

Even if the demodulation data is not available, demodu- 
lation of the 4 PSK at StdJ) 313 and of the first data stream 
at Step 301 can be implemented. At Step 302, the demodu- 
lation data retrieved by the first data stream reproducing unit 
232 is transferred to the/ demodulation controller 231. If m 
is 4 or 2 at Step 30j, the demodulation controller 231 
triggers demodulation if 4 PSK or 2 PSK a: Step 313. If not, 
the procedure moves td Step 310. At Step 305, two threshold 
values TH a and TH^' are calculated. The threshold value 
TH l6 for AM demodulation is fed at Step 306 from the 
demodulation controller 231 to both the first 136 and the 
second discrimination/demodulation circuit 137. Hence, 
demodulation of the modified 16 QAM signal and repro- 
duction of the second data stream can be carried out at Steps 
307 and 315 respectively. At Step 308, the error rate is 
examined and if mgh, the procedure returns to Step 313 for 
repeating the 4 ESK demodulation. 

As shown in FIG. 22 and the signal points 85, 83, are 
aligned on a lini at an angle of cos(cot+nitf2) while 84 and 
86 are off the line. Hence, the feedback of a second data 
stream transmuting carrier wave data from the second data 
stream reproducing unit 233 to a carrier reproducing circuit 
131 is carried/out so that no carrier needs to be extracted at 
the timing off the signal points 84 and 86. 

The uTmsmittcr 1 is arranged to transmit carrier timing 
signals at intervals of a given lime with the first data stream 
for the purt/ose of compensation for no demodulation of the 
second dam stream. The carrier timing signal enables one to 
identify tire signal points 83 and 85 of the first data stream 
rcgardlcs/ of demodulation of the second data stream. 
Hence, the reproduction of carrier wave can be triggered by 
the transmitting carrier data to the carrier reproducing circuit 
131. 
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A determination then made at Step 304 of the flowchart of 
FIG. 24 as to whether or not m is 16 upon receipt of sutfh a 
modified 64 QAM signal as shown in FIG. 23. At Step B 10, 
a determination is also made as to whether or not m isinore 
than 64. If it is determined at Step 311 that the revived 
signal has no equal distance signal point constellation, the 
procedure goes to Step 312. The signal point distance TH^ 
of the modified 64 QAiM signal is calculated from* 



This calculation is equivalent to that of TH l6 but lis resultant 
distance between signal points is smaller. / 

If the signal point distance in the first sub segment 181 is 
A 3 , the distance between the first 181 and thfe second sub 
segment 182 is expressed by (A 2 -2A 3 ). Then, the average 
distance is (Aj^AjWAj+Aa) which is designated as d*,. 
when d^ is smaller than T 2 which representfthe signal point 
cUscrimination capability of the second receiver 33, any two 
signal points in the segment will hardly/be distinguished 
from each other. This judgement is executed at Step 313. If * 
d^ is out of a permissive range, the procedure moves back 
to Step 313 for 4 PSK mode demodulation. If d^ is within 
the range, the procedure advances to Step 305 for allowing 
the demodulation of 16 QAM at Step 307. If it is determined 
at Step 308 that the error rate is too high, the procedure goes 
back to Step 313 for 4 PSK mode demodulation. 

When the transmitter 1 supplied aymodified 8 QAM signal 
such as shown in FIG. 25(a) in wttch all the signal points 
are at angles of cos (2rcfW4), Die carrier waves of the 
signal are lengthened to the same ptese and will thus be 
reproduced with much ease. At the time, two-bit data of the 
first data stream are demodulated by the 4-PSK receiver 
while one-bit data of the seconcVdaia stream is demodulated 
by the second receiver 33 and the toial of three-bit data can 
be reproduced. / 

The third receiver 43 will/be described in more detail. 
FIG. 26 shows a block diagram of the third receiver 43 
similar to that of the second receiver 33 in FIG. 21. The 
difference is that a third data stream reproducing unit 234 is 
added and also, the ctfscrirninatf on/demodulation circuit has 
a capability of identifying tight-bit data. The antenna 42 of 
the third receiver 43 has/a radius r 3 greater than r 2 thus 
allowing smaller distance/state signals, e.g. 32- or 64-state 
QAM signals, to be demodulated. For demodulation of the 
64 QAM signal, the first discrimination/ reproduction circuit 
136 has to identify 8 digital levels of the detected signal in 
which seven different threshold levels are involved. As one 
of the threshold values is zero, three are contained in the first 
quadrant. / 

FIG. 27 shows a space diagram of the signal in which the 
first quadrant contains three different threshold values. 

As shown in FIG.kl. when the three normalized thresh- 
old values are TH1 J, TH2^. and TH3 M they are expressed 
by: J 

Through AM/demodulation of a phase detected signal 
using the three threshold values, the third data stream can be 
reproduced UkeTthc first and second data stream explained 
with FIG. 21. The third data stream contains e.g. four signal 
points 201, 202, 203. and 204 at the first sub segment 181 
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shown in FIG. 23 which represent 4 values of iwo-bft 
pattern. Hence, six digits or modified 64 QAM signals \hn 
be demodulated. ' / 

The demodulation controller 231 detects the value in, A,, 
A 2 , and A 3 from the demodulation data contained in tne first 
data stream demodulated by the first data stream reproduc- 
ing unit 232 and calculates the three threshold valudsTHl^, 
TH2 d4t and TH3 M which axe then fed to the first 136 and the 
second discrimination/demodulation circuit 137/*> that the 
modified 64 QAM signal is demodulated wi/h certainty. 
Also, if the demodulation data have been scrambled, the 
modified 64 QAM signal can be demodulated only with a 
specific or subscriber receiver. FIG. 28 is a flowchart show- 
ing the action of the demodulation controller 231 for modi- 
fied 64 QAM signals. The difference from/he flowchart for 
demodulation of 16 QAM shown in FIG. 24 will be 
explained. The procedure moves from Sufp 304 to Step 320 
where it is determined whether or not mjyi or not. If m=32, 
demodulation of 32 QAM signals is executed at Step 322. If 
not, the procedure moves to Step 321 Where it is determined 
whether or not m=64. If yes, A 3 is ex/lmined at Step 323. If 
A 3 is smaller than a predetermined value, the procedure 
moves to Step 305 and the same sequence as of FIG. 24 is 
implemented. If it is judged at Step 323 that A> is not smaller 
than the predetermined value, thef procedure goes to Step 
324 where the threshold values aA calculated. At Step 325, 
the calculated threshold values zrt fed to the first and second 
discrimination/demodulation cijtuits and at Step 326, the 
demodulation of the modified fiA QAM signal is carried out 
Then, the first, second, and thirfl data streams are reproduced 
at Step 327. At Step 328, the/error rate is examined. If the 
error rate is high, the procedu/c moves to Step 305 where the 
16 QAM demodulation is repeated and if low, the demodu- 
lation of the 64 QAM is cc/ntinucd. 

The action of carrier wave reproduction needed for execu- 
tion of a satisfactory demodulating procedure will now be 
described. The scope of the present invention includes 
reproduction of the first data stream of a modified 16 or 64 
QAM signal using a 4 PSK receiver. However, a common 4 
PSK receiver rarely reconstructs carrier waves, thus failing 
to perform a correct demodulation. For compensation, some 
arrangements arc necessary at both the transmitter and 
receiver sides. 7 

Two techniques fo/ compensation are provided accoroing 
to the present invention. A first technique relates to trans- 
mission of signal points aligned at angles of (2n-l)n/4 at 
intervals of a giveA time. A second technique offers trans- 
mission of signal joints arranged at intervals of an angle of 

According to /he first technique, the eight signal points 
including 83 and 85 are aligned at angles of it/4, 3n/4, 5n/4, 
and 7 */4 t as shiwn in FIG. 38. In action, at least one of the 
eight signal pfeints is transmitted during sync time slot 
periods 452, 453, 454, and 455 arranged atequal intervals of 
time in a tint/ slot gap 451 shown in the time chart of FIG. 
38 Any desired signal points are transmitted during the 
other time slots. The transmitter 1 is also arranged to assign 
a data for tHe time slot interval to the sync timing data region 
499 of a sfrnc data block, as shown in FIG. 41. 

The content of a transmitting signal will be explained in 
more detiil referring to FIG. 41. The time slot group 451 
containing the sync time slots 452 4o3, 454, and I 455 
rcprcser/ts a unit data stream or block 491 carrying a data of 

° The /sync time slots in the signal arc arranged at equal 
intervals of a given time determined by the time slot mterval 
or sydc liming data. Hence, when the arrangement of the 
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sync time slots is detected, reproduction of carrier waves 
will be executed slot by slot through extracting the sync 
timing data from their respective time slots. Such a/sync ' 
timing data S is contained in a sync block 493 at rhi front 
end of a data frame 492, which consists of a numbcr^f sync 
time slots denoted by the hatching in FIG. 4L Accordingly, 
the data to be extracted for carrier wave reprodtwtion are 
increased, thus allowing the 4 PSK receiver to/reproduce 
desired carrier waves at higher accuracy and efficiency. 

The sync block 493 comprises sync data regions 496, 497, 
and 493, —containing sync data SI, S2, tnyS3. --respec- 
tively which include unique words and demodulation data. 
The phase sync signal assignment region 499 is at the end of 
the sync block 493, which holds a da* of lr including 
information about interval arrangement And assignment of 
the sync time slots. / 

The signal point data in the phase iync time slot has a 
particular phase and can thus be reproduced by the 4 PSK 
receiver. Accordingly. l T in the phaseAync signal assignment 
region 499 can be retrieved withou/ error thus ensuring the 
reproduction of carrier waves at a/curacy. 

As shown in FIG. 41. the syncAlock 493 is followed by 
a demodulation data block 501 frbich contains demodula- 
tion data about threshold voltag/s needed for dentodulation 
of the modified multiple-bit XJAM signal. This data is 
essential for demodulation of /the multiple-bit QAM signal 
and may preferably be contained in a region 502 which is a 
part of the sync block 493 ftr ease of retrieval. 

FIG. 42 shows the assignment of signal data for trans- 
mission of burst form signals through a TDMA method. 

The assignment is distinguished from that of FIG. 41 by 
the fact that a guard period 521 is inserted between any two 
adjacent Dn data blocks A91 and 491 for interruption of the 
signal transmission. Als6, each data block 491 is at the front 
end of a sync region 522, the signal points at a phase of 
(2n-l)nM arc only ^nsmitted. Accordingly, the carrier 
wave reproduction will be feasible with the 4 PSK receiver. 
More specifically, thtf sync signal and carrier waves can be 
reproduced through ythe TDMA method. 

The carrier wavt reproduction of the first receiver 23 
shown in FIG. 19 vfill be explained in more detail referring 
to FIGS. 43 and 44. As shown FIG. 43, an input signal is fed 
through the input Unit 24 to a sync detector circuit 541 where 
it is sync detected. A demodulated signal from the sync 
detector 541 is/ transferred to an output circuit 542 for 
reproduction of /the first data stream. A data of the phase sync 
signal assignrr/ent data region 499 (shown in HG. 41) is 
retrieved by an extracting timing controller circuit 543 so 
that the limirig of sync signals of (2n-l>tf4 data can be 
acknowledged and transferred as a phase sync control pulse 
561 shown in FIG. 44 to a carrier reproduction controlling 
circuit 544 /Also, the demodulated signal of the sync detec- 
tor circuital is fed to a frequency multiplier circuit 545 
where it ik 4x multiplied prior to being transmitted to the 
carrier reproduction controlling circuit 544. The resultant 
signal d/noted by 562 in FIG. 44 contains true phase data 

563 antf other data. As illustrated by 564 in the time chart 

564 of filG. 44, the phase sync lime slots 452 carrying the 
(2n-lnt/4 data arc also contained at equal intervals. In the 
carriey reproducing controlling circuit 544, the signal 562 is 
sampled by the phase sync control pulse 561 to produce a 
phasd sample signal 565 which is then converted through a 
sample and hold operation into a phase signal 566. The 
phase signal 566 of the carrier reproduction controlling 
circfiit 544 is fed through a loop filter 546 to a VCO 547 
where its relevant carrier wave is reproduced. The_ repro- 
duced carrier is then sent to the sync detector circuit 541. 
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In this manner, the signal point data of the (2n— 1)7^4 
phase denoted by the shaded areas in FIG. 39 is recovered 
and utilized so that a correct carrier wave can be reproduced 
by 4x or 16x frequency multiplication. Although a plurality 
of phases are reproduced at the time, the absolute phases of 
the carrier can be successfully be identified usingYunique 
word assigned to the sync region 496 shown in FzG. 41. 

For transmission of a modified 64 QAM signal such as 
shown in FIG. 40, signal points in the phase sync areas 471 
at the (2n-l)n/4 phase denoted by the hatchinR/are assigned 
to the sync lime slots 452, 4526, etc. Its carrier can hardly 
be reproduced with a common 4 PSK receiver but can be 
successfully reproduced with the first rccci/er 23 of 4 PSK 
mode provided with the carrier reproducing circuit of the 
embodiment / 

The foregoing carrier reproducing is of COSTAS type. A 
carrier reproducing circuit of the rcverce modulation type 
will now be explained according to the embodiment 

FIG. 45 shows a reverse modulation type carrier repro- 
ducing circuit according to the present invention, in which 
a received signal is fed from the input unit 24 to a sync 
detector circuit 541 for producing a demodulated signal. 
Also, the input signal is delayed ay a first delay circuit 591 
to a delay signal, the delay signal is then transferred to a 
quadrature phase modulator circuit 592 where it is reverse 
demodulated by the demodulated signal from the sync 
detector circuit 541 to a carrier signal. The carrier signal is 
fed through a carrier reproduction controller circuit 544 to a 
phase comparator 593. A caper wave produced by a VCO 
547 is delayed by a second delay circuit 594 into a delay 
signal which is also fed to me phase comparator 593. At the 
phase comparator 593, enc reverse demodulated carrier 
signal is compared in pnase with the delay signal thus 
producing a phase difference signal. The phase difference 
signal is fed through a ldop filter 546 to the VCO 547 which 
in rum produces a carrier wave arranged in phase with the 
received carrier wavc./ln the same manner as of the COS- 
TAS carrier reproducing circuit shown in FIG. 43, an 
extracting timing controller circuit 543 performs sampling 
of signal points contained in the hatching areas of FIG. 39. 
Accordingly, the earner wave of a 16 or 64 QAM signal can 
be reproduced with the 4 PSK demodulator of the first 
receiver 23. / 

The reproduction of a carrier wave by I6x frequency 
multiplication will be explained. The transmitter 1 shown in 
FIG. 1 is arranged to modulate and transmit a modified 16 
QAM signal with assignment of its signal points at mt/8 
phase as showrf in FIG. 46. At the first receiver 23 shown in 
FIG. 19, the cirrier wave can be reproduced with its COS- 
TAS carrier reproduction controller circuit containing a 16x 
multiplier circuit 661 shown in FIG. 48. The signal points at 
each nn/8 phase shown in FIG. 46 are processed at the first 
quadrant b/the action of the 16x multiplier circuit 661, 
whereby the carrier will be reproduced by the combination 
of a loop filter 546 and a VCO 541. Also, the absolute phase 
may be determined from 16 different phases by assigning a 
unique wfard to the sync region. 

The a/rangement of the 16x multiplier circuit will be 
explained referring to FIG. 48. A sum signal and a difference 
signal are produced from the demodulated signal by an ■ 
adder circuit 662 and a subtractor circuit 663 respectively 
and thin, multiplied together by a multiplier 664 into a cos 
29 signal. Also, a multiplier 665 produces a sin 28 signal. 
The two signals are then multiplied by a multiplier 666 into 
a sin/48 signal. 

Similarly, a sin 88 signal is produced from the two, sin 28 
and cos 28, signals by the combination of an adder circuit 
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667, a subtracter circuit 668, and a multiplier 670. Further- 
more, a sin 168 signal is produced by the combination oyan 
adder circuit 671, a subtractor circuit 672, and a rnultirflier 
673. Then, the 16x multiplication is completed. / 

Through the foregoing 16x multiplication, the lianier 
wave of all the signal points of the modified 16 QAM signal 
shown in FIG. 46 will successfully be rcproducedAvithout 
extracting particular signal points. / 

However, reproduction of the carrier wave of tiw modified 
64 QAM signal shown in FIG. 47 can involve an increase in 
the error rate due to dislocation of some signal points from 
the sync areas 471. / 

Two techniques are known for compensation for the 
consequences. One is inhibiting transmission of the signal 
points dislocated from the sync areas. Thisycauses the total 
amount of transmitted data to be reduced but allows the 
arrangement to be facilitated. The other is providing the sync 
lime slots as described in FIG. 38. In more particular, the 
signal points in the rui/8 sync phase areas/ e.g. 471 and 471a, 
are transmitted during the period of the/corresponding sync 
time slots in the time slot group 451. This triggers an 
accurate synchronizing action during Ahe period thus mini- 
mi zing phase error. / 

As now understood, the 16x multiplication allows the 
simple 4 PSK receiver to reproduce the carrier wave of a 
modified 16 or 64 QAM signal. Also, the insertion of the 
sync time slots causes the phasic/ accuracy to be increased 
during the reproduction of carrier waves from a modified 64 
QAM signal. / 

As set forth above, the signaf transmission system of the 
present invention is capable c/f transmitting a plurality of 
data on a single carrier wave simultaneously in the multiple 
signal level arrangement. / 

More specifically, three different level receivers which 
have discrete characteristics/of signal intercepting sensitiv- 
ity and demodulating capability are provided in relation to 
one single transmitter so/ that any one of them can be 
selected depending on a wanted data size to be demodulated 
which is proportional to the price. When the first receiver of 
low resolution quality and low price is acquired together 
with a small antenna, its/owner can intercept and reproduce 
the first data stream of a transmission signal. When the 
second receiver of medium resolution quality and medium 
price is acquired together with a medium antenna, its owner 
can intercept and reproduce both the first and second data 
streams of the sigrSl. When the third receiver of high 
resolution quality aftd high price is acquired with a large 
antenna, its owner can intercept and reproduce all the first, 
second, and third oata streams of the signal. 

If the first receiver is a home-use digital satellite broadcast 
receiver of low price, it will overwhelmingly be welcome by 
a majority of viewers. The second receiver accompanied 
with the mediunV antenna costs more and will be accepted by 
not common viewers but particular people who want to 
enjoy HDTV services. The third receiver accompanied with 
the large antenna at least before the satellite output is 
increased, is dot appropriate for home use and will possibly 
be used in relevant industries. For example, the third data 
stream carrying super HDTV signals is transmitted via a 
satellite to subscriber cinemas which can thus play video 
tapes rather than traditional movie films and run movies at 
low cost. / 

When /the present invention is applied to a TV signal 
transmission service, three different quality pictures are 
carried in one signal channel wave and will offer compat- 
ibility with each other. Although the first embodiment refers 
to a 4/PSK, a modified 8 QAM, a modified 16 QAM, and a 
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modified 64 QAM signal, other signals will also Jbc 
employed with equal success including a 32 QAM, a £56 
QAM. an 8 PSK, and a 16 PSK, a 32 PSK signal. It would 
be understood that the preseat invention is not limited to a 
satellite transmission system and can be applied to a terres- 
trial communications system or a cable transmission /ystem. 

The transmission method of the invention can/also be 
applied to a 4-levcl or 8 -level ASK signal as shown in FIG. 
58 and FIGS. 68(a) and (6), respectively. / 

EMBODIMENT 2 / 

A second embodiment of the present invention is featured 
in which the physical multi-level arrangement of the first 
embodiment is divided into small levels urough e.g. dis- 
crimination in error correction capability/ thus forming a 
logic multi-level construction. In the first embodiment, each 
multi-level channel has different level/ in the electrical 
signal amplitude or physical demodulating capability. The 
second embodiment offers different levels in the logic repro- 
duction capability such as error correction. For example, the 
data D, in a multi-level channel is divided into two, Dj., and 
Di. 3l components and D M is mocfc increased in the error 
correction capability than D,. 2 fo/ discrimination. Accord- 
ingly, as the error detection anil correction capability is 
different between D,^ and D^yat demodulation, D M can 
successfully be reproduced within a given error rate when 
the C/N level of an original trlnsmitting signal is as low as 
disenabling the reproductior/of D t . 2 . This will be imple- 
mented using the logic mula-level arrangement. 

More specifically, the logic multi -level arrangement con- 
sists of dividing data of a modulated multi-level channel and 
discriminating distances between error correction codes by 
mixing error correction ycodes with product codes for vary- 
ing error correction capability. Hence, a more multi-level 
signal can be transmitted. 

In fact, aD,., channel is divided into two sub channels D t 
and D t . 2 and a D 2 cnannel is divided into two sub channels 
D 2 ., and D 2 . 2 . / 

This will be explained in more detail referring to FIG. 87 
in which D,.j is reproduced from a lowest ON signal. If the 
C/N rate is d at minimum, three components Dj. 2 , D 2 . x and 
D 2 . 2 cannot be reproduced while D t . x is reproduced. If C/N 
is not less than olD^j can also be reproduced. Equally, when 
C/N is b, D 2 y is reproduced and when ON is a, D 2 . 2 is 
reproduced. As the C/N rate increases, the reproducible 
signal levels a/re increased in number. The lower the ON, the 
fewer the reproducible signal levels. This will be explained 
in the form of relationship between transmitting distance and 
reproducible C/N value referring to FIG. 86. In common, the 
C/N valuc«>f a received signal is decreased in proportion to 
the distance of transmission as expressed by the real line 861 
in FIG. 86. It is now assumed that the distance from a 
transmiucr antenna to a receiver antenna is La when ON=a, 
Lb wheh C/N=b, Lc when ON=c, Ld when ON=d, and Le 
when <pN=€. If the distance from the transmitter antenna is 
greate/ than Ld, D l# j can be reproduced as shown in FIG. 85 
where/ the receivable area 862 is denoted by the hatching. In 
other/words, D,., can be reproduced within a most extended 
area/ Similarly, b,. 2 can be reproduced in an area 863 when 
the distance is not more than Lc. In this area 863 containing 
the/area 862, D M can with no doubt be reproduced. In a 
small area 854, D 2 . x can be reproduced and in a smallest area 
865, D 2 . 2 can be reproduced. As understood, the different 
data levels of .a channel can be reproduced corresponding to 
dlgrees of declination in the ON rate. The logic multi-level 
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aiTangcmcnt of the signal transmission system of the present 
invention can provide the same effect as of a traditiwal 
analogue transmission system in which the amounr of 
receivable data is gradually lowered as the C/ty rate 
decreases. / 

The construction of the logic multi-level arrangement will 
be described in which there are provided two physical levels 
and two logic levels. FIG. 87 is a block diagram of a 
Lransmitter 1 which is substantially identical in construction 
to that shown in FIG. 2 and described previously in the first 
embodiment and will not be further explaineayJn detail. The 
only difference is that error correction cod/ encoders are 
added as abbreviated to ECC encoders. The ydivider circuit 3 
has four outputs 1-1, 1-2, 2-1, and 2-2 through which four 
signals D w . D^. D 2 . l( and D 2 : 2 divided from an input 
signal arc delivered. The two signals T)J X and D^j are fed 
to two, main and sub, ECC encoders 8726 and 873a of a first 
ECC encoder 871a respectively for /converting to error 
correction code forms. / 

The main ECC encoder 872a has jaiugher error correction 
capability than that of the sub ECu encoder 873a. Hence, 
D M can be reproduced at a lower /ate of C/N than Dj.a as 
apparent from the CN-level diagram of FIG. 85. More 
particularly, the logic level of b lml is less affected by 
declination of the ON than that of D,. 2 . After error correc- 
tion code encoding, D,.j and dJ 2 summed by a summer 
874a to a D x signal which is tHen transferred to the modu- 
lator 4. The other two signalsA)^! and D 2 . 2 of the divider 
circuit 3 arc error correction dhcoded by two, main and sub, 
ECC encoders 872 6 and 8736 of a second ECC encoder 
8716 respectively and thenVsummed by a summer 8746 to 
a D 2 signal which is transmitted to the modulator 4. The 
main ECC encoder 8726is higher in the error correction 
capability than the sub EOC encoder 8736. The modulator 4 
in turn produces from thfc two, Dj and D 2 . input signals a 
multi-level modulated signal which is further transmitted 
from the transmitter unil 5. As understood, the output signal 
from the transmitter 1 has two physical levels D t and D 2 and 
also, four logic levels D^. D 2 .„ and D 2 . 2 based on the 
two physical levels for providing different error correction 
capabilities. / 

The reception of /uch a multi-level signal will be exp- 
lained. FIG. 88 is a/block diagram of a second receiver 33 
which is almost identical in construction to that shown in 
FIG. 21 and described in the first embodiment. The second 
receiver 33 arranged for intercepting multi-level signals 
from the transmitter 1 shown in FIG. 87 further comprises 
first and second ECC decoder 876a 8766, in which the 
demodulation of QAM. or any of ASK. PSK, and FSK if 
desired, is executed. 

As shown in/FIG. 88. a receiver signal is demodulated by 
the demodulator 35 to the two. D, and D 2 . signals which are 
then fed to ivfo dividers 3a and 36 respectively where they 
are divided iito four logic levels Dj. p D|. 2 . D 2 .„ and D 2 . 2 . 
The four signals arc transferred to the first and second ECC 
decoders 87fia and 8766 in which D,., is error corrected by 
a main ECCf lecoder 877a. by a sub ECC decoder 878a, 
D 2 t by afrnain ECC decoder 8776, D 2 . 2 by a sub ECC 
decoder 8786 before all sent to the summer 37. In the mixer 
37, the fjiur, D,.^ D^. D 2 .„ and D 2 . 2 , error corrected 
signals a/e combined into a signal which is then delivered 
from the output unit 36. 

Sine/ D M and D 2 . 2 are higher in the error correction 
capability than D, 2 and D 2 . 2 respectively, the error rate 
remaps less than a given value although C/N is fairly low 
as shown in FIG. 85 and thus, an original signal will be 
reproduced successfully. 
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The action of discriminating ihc error correction capabil^ 
ity between the main ECC decoders 877a and 8776 of high 
code gain and the sub ECC decoders 878a and 878b or low 
code gain will now be described in more detail. It is a good 
idea for having a difference in the error correction capability, 
i.e., in the code gain, to use in the sub ECC decoder a 
common coding technique, e.g. Reed-Solomon/or BCH 
method, as shown in FIG. 165(6) for the ECu decoder, 
having a standard code distance and in fcheytnain ECC 
decoder, another encoding technique in which distance 
between correction codes is increased using Reed-Solomon 
codes, their product codes, or other long-length codes or a 
trellis decoder 744p, 744q t and 744r shown m FIGS. 128(d), 
128(c), 128(/). A variety of known techniques for increasing 
the error correction code distance have been introduced and 
will not be explained in detail. The present invention can be 
associated with any known technique for having the logic 
multi-level arrangement / 

Also, as shown in the block diagram of FIGS. 160 and 
167, the transmitter further has an interleaver 744* and the 
receiver further has de-imerieave/s 759Jt and 9366. The 
interleave process is carried out by the use of the Interleave 
Table 954 shown in FIG. 168(a)/De-interleave RAM 936x 
in the de-imerleaver 9366 is useya for decoding the data. By 
this arrangement, the data transmission system having high 
reliability with respect to the/burst error can be realized, 
resulting in stable transmitted images. 

The logic multi-level arringement will be explained in 
conjuction with a diagram of FIG. 89 showing the relation- 
ship between C/N and error race after error correction. As 
shown, the straight line Sal represents D,.j at the C/N and 
error rate relation and tne line 882 represents D,. 2 at same. 

As the C/N rate of ait input signal decreases, the error rate 
increases after error correction. If C/N is lower than a given 
value, the error rate /exceeds a reference value Eth deter- 
mined by the system design standards and no original data 
will normally be reconstructed. When C/N is lowered to less 
than c, the D, signal fails to be reproduced as expressed by 
the line 881 of dJ x in FIG. 89. When e£C/N<d, D^, of the 
D, signal exhibits a higher error rate than Eth and will not 
be reproduced. / 

When C/N \i d at the point 885 d, D M having a higher 
error correction capability than D u2 becomes not higher in 
the error rate /than Eth and can be reproduced. At the time, 
the error rate of D,. 2 remains higher than Eth after error 
correction and will no longer be reproduced. 

When CrN is increased up to c at the point 885c, D t . 2 
becomes riot higher in the error rate than Eth and can be 
reproduced. At the lime, D 2 ., and D 2 . 2 remain in no 
demodulation state. After the C/N rate is increased further to 
b', the u> 2 signal becomes ready to be demodulated. 

Whrfn C/N is increased to b at the point 8856, D 2 . t of the 
D 3 signal becomes not higher in the error rate than Eth and 
can be reproduced. At the time, the error rate of D 2 . 2 remains 
higher than Eth and will not be reproduced. When C/N is 
increased up to a at the point 885a, D 2 . 3 becomes not higher 
than Eth and can be reproduced. 

As described above, the four different signal logic levels 
di tided from two, D, and D 2 , physical levels through 
dicrimination of the error correction capability between the 
levels, can be transmitted simultaneously. 
/ Using the logic multi-level arrangement of the present 
invention with a multi-level construction in which at least a 
hart of the original signal is reproduced even if data in a 
'higher level is lost, digital signal transmission will success- 
fully be executed without losing the advantageous effect of 
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an analogue signal transmission in which transmitting daur 
is gradually decreased as the C/N rate becomes low. / 

Thanking to up-to-date compression techniques, cdm- 
prcsscd image data can be transmitted in the logic multi- 
level arrangement for enabling a receiver station to repro- 
duce a higher quality image than that of an analogue system 
and also, with not sharply but at steps declining the/ signal 
level for ensuring signal interception in a wider a/ea. The 
present invention can provide an extra effect of die multi- 
layer arrangement which is hardly implemented by a known 
digital signal transmission system without deteriorating high 
quality image data. / 

In addition, the address data of the image segment data, 
the base image data for image compression, Ahe scramble 
cancellation data shown in the descrambler flFIG. 66), and 
high priority (HP) data, i.e., the data (e.g., yfhe frame syn- 
chronization signal and header) that is most essential to 
image expansion of the HDTV signal, is transmitted as D,., 
by the high code gain ECC encoder 743d (FIGS. 88, 133, 
170, and 172), and is received by the high code gain ECC 
decoder 758 of the receiver 43. J 

This high priority data is protected because the error rate 
of priority data D M does not increase noticeably. Fatal 
deterioration of the characteristic image quality of digital 
video transmissions is thus avoided, and a "graceful degra- 
dation* 1 effect whereby image quality gradually deteriorates 
is obtained. The modulator 749 and demodulator 760 of 
FIGS. 133 and 170, respectively, can achieve this graceful 
degradation effect with 16MevelQAM and 32-levcl QAM 
described above, 4-Ievel VSB (FIG. 57) and 8-level VSB 
(FIG. 68) described below in the/ description of the fourth 
embodiment, and 8-level PSK. / 

Furthermore, as shown in thfc block diagrams of FIGS. 
133 and 156, a big difference inihe error rate of high priority 
data and low priority data can be created during signal 
reception by applying high code gain error correction coding 
of the high priority data by means of the ECC encoder 744a 
and trellis encoder 744& in the 2nd data stream input 744, 
while error correction encoding the low priority data with 
low code gain by the ECCiencoder 743a only. 

As a result, even if thd ON ratio of the transmission 
system deteriorates significantly, the high priority data can 
be received. Therefore, while the image quality deteriorates 
with the deterioration of the low priority data, the high 
priority data can also be/reproduced in applications subject 
to severe C/N ratio deterioration, as found in the reception 
conditions encountered/with mobile television receivers, and 
the pixel block positioning information is also reproduced. 
Because image block Destruction is thus prevented, viewers 
are still able to receive and view broadcast programing 
under extremely poor reception conditions. 

/ EMBODIMENT 3 

A third embodiment of the present invention will be 
described referring to the relevant drawings. 

FIG. 29 is a schematic total view illustrating the third 
embodiment inAhe form of a digital TV broadcasting sys- 
tem. An input Video signal 402 of super high resolution TV 
image is fed to/an input unit 403 of a first video encoder 401. 
Then, the signal is divided by a divider circuit 404 into three, 
first, secondhand third, data streams which are transmitted to 
a compressing circuit 405 for data compression before 
further delivered. 

Equally/other three input video signals 406, 407, and 408 
are fed td a second 409, a third 410, and a fourth video 
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encoder 411 respectively which all arc arranged identical 
construction to the first video encoder 401 for data coi 
prcssion. 

The four first data streams from their respective cm 
401, 409, 410, and 411 are transferred to a first multiplexer 
413 of a multiplexer 412 where they are time multiplexed by 
a TDM process into a first data stream multiplex/signal 
which is fed to a trans miucr 1. 

A part or all of the four second data streams 
respective encoders 401, 409, 410, and 411 are 
a second multiplexer 414 of the multiplexer 
are time multiplexed to a second data 
signal which is then fed transmitter 1. Also, 
the four third data streams are transferred l 
plexer 415 where they are time multiplexed 
multiplex signal which is then fed to the 

The transmitter 1 performs modulation 
stream signals with its modulator 4 by 
described in the first embodiment. The 
sent from a transmitter unit 5 through 
uplink 7 to a transponder 12 of a sate] 
transmits it to three different recei/ers including a first 
receiver 23. 

The modulated signal transmitted^ through a downlink 21 
is intercepted by a small antenna 22 having a radius t x and 
fed to a first data stream reproducing unit 232 of the first 
receiver 23 where its first data stream only is demodulated. 
The demodulated first data stream is then converted by a first 
video decoder 421 to a traditional! 425 or wide-picture NTSC 
or video output signal 426 of low image resolution. 

Also, the modulated signal /transmitted through a down- 
link 31 is intercepted by a medium antenna 32 having a 
radius x 2 and fed to a first £32 and a second data stream 
reproducing unit 233 of a second receiver 33 where its first 
and second data streams act demodulated respectively. The 
demodulated first and second data streams arc then summed 
and converted by a secona video decoder 422 to an HDTV 
or video output signal 427 of high image resolution and/or 
to the video output signals 425 and 426. 

Also, the modulatcdysignal transmitted through a down- 
link 41 is intercepted tiy a large antenna 42 having a radius 
r 3 and fed to a first 232, a second 233, and a third data steam 
reproducing unit 23* of a third receiver 43 where its first, 
second, and third data streams are demodulated respectively. 
The demodulated first, second, and third data streams are 
then summed and converted by a third video decoder 423 to 
a super HDTV of video output signal 428 of super high 
image resolution pot use in a video theater or cinema. The 
video output signals 425, 426, and 427 can also be repro- 
duced if desiredi A common digital TV signal is transmitted 
from a conventional digital transmitter 51 and when inter- 
cepted by the first-receiver 23, will be converted to the video 
output signal 426 such as a low resolution NTSC TV signal. 

The first video encoder 401 will now be explained in more 
detail referring to the block diagram of FIG. 30. An input 
video signal of super high resolution is fed through the input 
unit 403 il the divider circuit 404 where it is divided into 
four components by sub-band coding process. In particular, 
the inputf video signal is separated by passing through a 
horizontil lowpass filter 451 and a horizontal highpass filter 
452 of (fg. QAM mode to two, low and high, horizontal 
frequency components which are then subsampled into half 
of thci/quanu'tics by two subsamplers 453 and 454 respec- 
u* vcty./rhe low horizontal component is filtered by a vertical 
lowpis filter 455 and a vertical highpass filter 456 into a 
low Horizontal low vertical component or H^V^ signal and 
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a low horizontal high vertical component or H^V,, signal 
respectively. The two, H^V^ and H^V,,. signals are men 
subsamplcd into one half by two subsamblers 457 and/458 
respectively and transferred to the compressing circuu405. 

The high horizontal component is filtered by a vertical 
lowpass filter 459 and a vertical highpass filter 466 into a 
high horizontal low vertical highpass component/or H^V^ 
signal and a high horizontal high vertical component or 
H//V„ signal respectively. The two. H„V^ arid H K V^ 
signals are then subsampled into one half by iwo subsam- 
plers 461 and 462 respectively and transferred to the com- 
pressing circuit 405. / 

The H L y L signal is preferably DCT compressed by a first 
compressor 471 of the compressing circuiy405 and fed to a 
first output circuit 472 as the first data subam. 

Also, the HjV/, signal is compressedAy a second com- 
pressor 473 and fed to a second outpjft circuit 464. The 
H//V L signal is compressed by a third yfcompressor 463 and 
fed to the second output circuit 464. / 

The H^V^ signal is divided by a di/ider 465 into two high 
resolution (k H V„\) .and super high resolution (H^V^) 
video signals which are then transfeiTed to the second output 
circuit 464 and a third output circuit 468 respectively. 

The first video decoder 421 wilimow be explained in more 
detail referring to FIG. 31. The firet data stream or D, signal 
of the first receiver 23 is fed through an input unit 501 to a 
descrambler 502 of the first video decoder 421 where it is 
descrambled. The descrarableaVDi signal is expanded by an 
expander 503 to H^V L which As then fed to an aspect ratio 
changing circuit 504. Thus, the H^V^ signal can be delivered 
through an output unit 50^ as a standard 500, letterbox 
format 507, wide-screen 508, or sidepanel format NTSC 
signal 509. The scanning, fdrrnat may be of non-interlace or 
interlace type and its NTSC mode lines may be 525 or 
doubled to 1050 by double/tracing. When the received signal 
from the digital transmitter 51 is digital TV signal of 4 PSK 
mode, it can also be convened by the first receiver 23 and 
the first video decoder 421 to a TV picture. The second video 
decoder 422 will be exp/aincd in more detail referring to the 
block diagram of FIQf 32. The D, signal of the second 
receiver 33 is fed through a first input 521 to a first expander 
522 for data expansion and then, transferred to an oversara- 
plcr 523 where it is sampled at 2x. The oversamplcd signal 
is filtered by a vertical lowpass filter 524 into H L V r . Also, 
the D 2 signal of tne second receiver 33 is fed through a 
second input 530 to a divider 531 where it is divided into 
three components/ which are then transferred to second, 
third, and fourth /expanders 532-534 respectively for data 
expansion. The ttree expanded components are sampled at 
2x by three ovcAamplers 535, 536, and 537 and filtered by 
a vertical highpiss 538. a vertical lowpass 539, and a vertical 
highpass filter540 respectively. Then, H L V L from the ver- 
tical lowpass filter 524 and H^V,, from the vertical highpass 
filter 538 ar/ summed by an adder 525, sampled by an 
oversampler541, and filtered by a horizontal lowpass filter 
542 into a low frequency horizontal video signal. H^V^ 
from the vertical lowpass filter 539 and H^V^l from the 
vertical highpass filter 540 are summed by an adder 526, 
sampled tay an oversampler 544, and filtered by a horizontal 
highpass /filter 545 to a high frequency horizontal video 
signal. Tne two, high and low frequency, horizontal video 
signals are then summed by an adder 543 into a high 
resolution video signal HD which is further transmitted 
througlTan output unit 546 as a video output 547 of e.g. 
HDTV format. If desired a traditional NTSC video output 
can be reconstructed with equal success. 
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FIG. 33 is a block diagram of the third video decoder 423 
in which the D, and D 2 signals arc fed through a first/521 
and a second input 530 respectively to a high ircquency'oand 
video decoder circuit 527 where they arc con verted to/an HD 
signal in the same manner as described above. The y y signal 
is fed through a third input 551 to a super high frequency 
band video decoder circuit 552 where it is/expanded, 
descrambled, and composed into H„V„2 signal. The HD 
signal of the high frequency band video decoder circuit 527 
and the H, t V H 2 signal of the super high frequency band 
video decoder circuit 552 are summed by aiummer 553 to 
a super high resolution TV or S-HD sigrufi which is then 
delivered through an output unit 554 ay super resolution 
video output 555. / 

The action of multiplexing in the multiplexer 412 shown 
in FIG. 29 will be explained in rribre detail. FIG. 34 
illustrates a data assignment in which Ac three, first, second, 
and third, data streams D l( D 2 . Dj contain in a period of T 
six NTSC channel data LI, L2. L3/L4, L5. L6, six HDTV 
channel data Ml, M2, M3, M4, M5, M6 and six S-HDTV 
channel data HI, H2, H3, H4/H5, H6 respectively. In 
operation, the NTSC or D t sigrfal data LI to L6 are time 
multiplexed by TDM process/during the period T. More 
particularly, H L V^ of D, is assigned to a domain 601 for the 
first channel. Then, a difference data Ml between HDTV 
and NTSC or a sum of H L V f l H y/ V L , and H„V„1 is assigned 
to a domain 602 for the firsV channel. Also, a difference data 
HI between HDTV and sufcer HDTV or H„V„2 (See FIG. 
30) is assigned to a domain 603 for the first channel. 

The selection of the first channel TV signal will now be 
described. When intercepted by the first receiver 23 with a 
small antenna coupled to the first video decoder 421, the first 
channel signal is converted to a standard or widescreen 
NTSC TV signal as shown in FIG. 31. When intercepted by 
the second receiver 33 with a medium antenna coupled to the 
second video decoder 422, the signal is converted by sum- 
ming LI of the firs/data stream D x assigned into the domain 
601 and Ml of the second data stream D 2 assigned to the 
domain 602 to ar/HDTV signal of the first channel equiva- 
lent in program to the NTSC signal. 

When intercepted by the third receiver 43 with a large 
antenna coupled to the third video decoder 423, the signal is 
convened by sjomming LI of D, assigned to the domain 601, 
Ml of D 2 assigned to the domain 602, and H, of D 3 assigned 
to the domain 603 into a super HDTV signal of the first 
channel equivalent in program to the NTSC signal. The 
other channel signals can be reproduced in an equal manner. 

FIG. 35/ shows another data assignment LI of a first 
channel N7TSC signal is assigned to a fist domain 601. The 
domain 601 which is allocated at the front end of the first 
data strearn D t , also contains at front a data S n including a 
desc rambling data and the demodulation data described in 
the first Embodiment. A first channel HDTV signal is trans- 
mitted is LI and Ml. Ml, which is thus a difference data 
betwee/i NTSC and HDTV, is assigned to two domains 602 
and 6m of D 2 . If LI is a compressed NTSC component of 
6 Mods. Ml is two times higher, that is, 12 Mbps. Hence, the 
total of LI and Ml can be demodulated at 18 Mbps with the 
second receiver 33 and the second video decoder 423. 
According to current data compression techniques, HDTV 
compressed signals can be reproduced at about 15 Mbps. 
This/allows the data assignment shown in FIG. 35 to enable 
simultaneous reproduction of an NTSC and HDTV first 
channel signal. However, this assignment allows no second 
chahnel HDTV signal to be carried. S21 is a dcscrambling 
dati in the HDTV signal. A first channel super HDTV signal 
component comprises LI, Ml, and HI. The difference data 
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HI is assigned to three domains 603, 612. and 613 of Dj.if 
the NTSC signal is 6 Mbps. the super HDTV is as high4s 
36 Mbps. When a compressed rate is increased, super HpTV 
video data of about '2000 scanning line for reproduction of 
a cinema size picture for commercial use can be transmitted 
in an equal manner. / 

FIG. 36 shows a further data assignment in which HI of 
a super HDTV signal is assigned to six time domains. If a 
NTSC compressed signal is 6 Mbps, this assignment can be 
nine times higher, that is, 54 Mbps of D 3 data. Accordingly, 
super HDTV data of higher picture quality can be transmit- 
ted. / 

The foregoing data assignment makes the use of one of 
two, horizontal and vertical, polarization manes of a trans- 
mission wave. When both the horizontal and vertical polar- 
ization planes are used, the frequency ntilization will be 
doubled. This will be explained below. / 

FIG. 49 shows a data assignment in/Which D„ and D„ t 
are a vertical and a horizontal polarization signal of the first 
data stream respectively, Dy, and D X are a' vertical and a 
horizontal polarization signal of thjb second data stream 
respectively, and D^, and D M are a vertical and a horizontal 
polarization signal of the third dataAtreara respectively. The 
vertical polarization signal D„ flf the first data stream 
carries a low frequency band or/NTSC TV data and the 
horizontal polarization signal DJ, carries a high frequency 
band or HDTV data. When the first receiver 23 is equipped 
with a vertical polarization si anal D m carries a high fre- 
quency band or HDTV data. When the first receiver 23 is 
equipped with an antenna foy both horizontally and verti- 
cally polarized waves, it car/ reproduce the HDTV signal 
through summing LI and Ml. More specifically, the first 
receiver 23 can provide compatibility between NTSC and 
HDTV with the use of a particular type antenna. 

FIG. 50 illustrates a TDMA method in which each data 
burst 721 is accompanied at front a sync data 731 and a card 
data 74 1. Also, a frame sync data 720 is provided at the front 
of a frame. Like channels/ are assigned to like time slots. For 
example, a first time slot 750 carries NTSC, HDTV, and 
super HDTV data of the first channel simultaneously. The 
six time slots 750, 750fl, 750&, 750c, 7504. 750*, arranged 
independent from eactf other. Hence, each station can offer 
NTSC, HDTV, and/or/super HDTV services independently 
of the other stations through selecting a particular channel of 
the time slots. Also, Ahe first receiver 23 can reproduce an 
NTSC signal when jfquipped with a horizontal polarization 
antenna and both NTSC and HDTV signals when equipped 
with a compatible polarization antenna. In this respect, the 
second receiver 33 can reproduce a super HDTV at lower 
resolution while the third receiver 43 can reproduce a full 
super HDTV signal. According to the third embodiment, a 
compatible signal transmission system will be constructed. 
It is understood mat the data assignment is not limited to the 
burst mode TDMA method shown in FIG. 50 and another 
method such Js time division multiplexing of continuous 
signals as shown in FIG. 49 will be employed with equal 
success. Aha, a data assignment shown in FIG. 51 will 
permit a HD/TV signal to be reproduced at high resolution. 

As set forth above, the compatible digital TV signal 
transmission system of the third embodiment can offer three, 
super HDW HDTV, and conventional NTSC, TV broadcast 
services simultaneously. In addition, a video signal inter- 
cepted by a commercial station or cinema can be electron- 
ized. / 

The modified QAM of the embodiments is now termed as 
SRQAM and its error rate will be examined. 
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First, the error rate in 16 SRQAM will be calculated. ¥10. 
99 shows a vector diagram of 16 SRQAM signal points/As 
apparent from the first quadrant, the 16 signal joints of 
standard 16 QAM including 83a ( 836, 84a, 83a are apcated 
at equal intervals of 25. 

The signal point 83a is spaced 6 from both theA-axis and 
the Q-axis of the coordinate. It is now assumec/ that n is a 
shift value of the 16 SRQAM. In 16 SRQAM, the signal 
point 83a of 16 QAM is shifted to a signal pmnt 83 where 
the distance from each axis is n5. The shift /alue n is thus 
expressed as: 



0<n<3. . 

The other signal points 84a and 86a a/e also shifted to two 
points 84 and 86 respectively. 

If the error rate of the first data strea/n is Pe, , it is obtained 
from: 

Also, the error rate Pe^ of the second data stream is obtained 
from: 



// 3-n « \ 
4 Y 2N9+H 1 / 



The error rate of 36 or 32 SRQAM will be calculated. 
FIG. 100 is a vector Aiiagram of a 36 SRQAM signal in 
which the distance between any two 36 QAM signal points 
is 25. 

The signal point yfoa of 36 QAM is spaced 6 from each 
axis of the coordinate. It is now assumed that n is a shift 
value of the 16 SRQAM. In 36 SRQAM, the signal point 
83a is shifted to L signal point 83 where the distance from 
each axis is n5. Similarly, the nine 36 QAM signal points in 
the first quactam are shifted to points 83, 84, 85, 86, 97, 98, 
99, 100, 101 respectively. If a signal point group 90 com- 
prising the nine signal points is regarded as a single signal 
point, the error rate in reproduction of only the first data 
stream D t w«h a modified 4 PSK receiver and the error rate 
P^ in reproduction of the second data stream D 2 after 
discriminatjfng the nine signal points of the group 90 from 
each other; are obtained respectively from: 



M - T'*(vf=) 
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•continued > 

FIG. 101 shows the relationship between error rateyPe and 
C/N rate in transmission in which the curve 900 represents 
a conventional or not modified 32 QAM signal. The straight 
line 905 represents a signal having 1(T 1 * 3 of the error rate. 
The curve 901a represents a D t level 32 SRQAM signal of 
the present invention at the shift rate n of 1.5. Asibown, the 
C/N rate of the 32 SRQAM signal is 5 dB lowerfat the error 
rate of 10~ l J than that of the conventional 3^QAM. This 
means that the present invention allows a DJ signal to be 
reproduced at a given error rate when its/ ON rate is 
relatively low. / 

The curve 902a represents a D 2 level SRQAM signal at 
• n=1.5 which can be reproduced at the error rate of 10" ,J 
only when its C/N rate is 2.5 dB higher/than that of the 
conventional 32 QAM of the curve 900/Also, the curves 
9016 and 9026 represent D, and D 2 SRQAM signals at 
n=2.0 respectively. The curves 902c/ represents a D a 
SRQAM signal at n=2J. It is apparentAhat the ON rate of 
the SRQAM signal at the error data of ACT 1 J is 5 dB. 8 dB, 
and 10 dB higher at n=1.5, 2.0. and 2(5 respectively in the 
D t level and 2.5 dB lower in the IX level than that of a 
common 32 QAM signal. / 

Shown in FIG. 103 is the C/N rate of the first and second 
data streams D l( D 2 of a 32 SRQAM signal which is needed 
for maintaining a constant error rare against variation of the 
shift n. As apparent, when the shift n is more than 0.8 t there 
is developed a clear difference Between two C/N rates of 
their respective D x and D 2 levfels so that the multi-level 
signal, namely first and second data, transmission can be 
implemented successfully. In brief, n>0.85 is essential for 
multi-level data transmission of the 32 SRQAM signal of the 
present invention. / 

FIG. 102 shows the relationship between the C/N rate and 
the error rate for 16 SRQfAM signals. The curve 900 
represents a common 16 QAM signal. The curves 901a, 
9016, 901c and D x level or first data stream 16 SRQAM 
signals at n=1.2, 1.5, and U8 respectively. The curves 902a, 
9026, 902c are D 2 level of second data stream 16 SRQAM 
signals at n=1.2, 1.5, andf 1.8 respectively. 

The C/N rate of the fiAt and second data streams D„ D 2 
of a 16 SRQAM signal is shown in FIG. 104, which is 
needed for maintaining A constant error rate against variation 
of the shift n. As apparent, when the shift n is more than 0.9 
(n>0.9) f the multi-level data transmission of the 16 SRQAM 
signal will be executed. 

One example of Propagation of SRQAM signals of the 
present invention will now be described for use with a digital 
TV terrestrial broaticast service. FIG. 105 shows the rela- 
tionship between me signal level and the distance between 
a transmitter antenna and a receiver antenna in the terrestrial 
broadcast service. The curve 911 represents a transmitted 
signal from the Aransmi tier antenna which is 1250 feet high. 
It is assumed tliat the error rate essential for reproduction of 
an applicableMigital TV signal is 10~ ! J . The hatching area 
912 represent a noise interruption. The point 910 represents 
a signal reception limit of a conventional 32 QAM signal at 
C/N=15 dB where the distance L is 60 miles and a digital 
HDTV siwial can be intercepted at minimum. 

The ON rate varies 5 dB under a worst case receiving 
condition such as bad weather. If a change in the relevant 
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condition, e.g. weather, attenuates the ON rate, the inter/ 
ccpiion of an HDTV signal will hardly be ensured. Also, 
geographical conditions largely affect the propagations of 
signals and a decrease of about 10 dB at least win be 
unavoidable. Hence, successful signal interception within 60 
miles will never be guaranteed and above all, a digital signal 
will be harder to propagate than an analogue signal, it would 
be understood that the service area of a conventio/al digital 
TV broadcast service is less dependable. / 

In case of the 32 SRQAM signal of the prcscift invention 
or the 8-VSB shown in FIG. 68, three-level signal transmis- 
sion system is constituted as shown in FIGS./I33 and 137. 
This permits a low resolution NTSC signal it MPEG level 
to be carried on the 1-1 data stream d(.,. a medium 
resolution TV data of e.g. NTSC system to Joe carried on the 
1-2 data stream D,. a . and a high frequency component of 
HDTV data to be carried on the second data stream D 2 . 
Accordingly, the service area of the l-ydata stream of the 
SRQAM signal is increased to a 70 mile/point 910a while of 
the second data stream remains within 1 55 mile point 9105, 
as shown in FIG. 105. FIG. 1*06 ifflustraics a computer 
simulation result of the service area o/the 32 SRQAM signal 
of the present invention, which is /similar to FIG. 53 but 
explains it in more detail. As show/, the regions 708, 703c, 
703a, 7035, and 712 represent 4 conventional 32 QAM 
receivable area, a 1-1 data level a lml receivable area, a 1-2 
data level D,. 3 receivable area/ a second data level D 2 
receivable area, and a service area of a neighbor analogue 
TV station respectively. The conventional 32 QAM signal 
data used in this drawing isr based on a conventionally 
disclosed one. / 

For common 32 QAM signal, the 60-mile-radius service 
area can be established theoretically. The signal level will 
however be attenuated by /geographical or weather condi- 
tions and particularly, considerably declined at near the limit 
of the service area. / 

If the low frequency/band TV component of MPEG1 
grade is carried on the 1-1 level D ul data and the medium 
frequency band TV component of OTSC grade on the 1-2 
level D|. 2 data and high frequency band TV component of 
HDTV on the secondflevcl D 2 data, the service area of the 
32 SRQAM signal of the present invention is increased by 
10 miles in radius/for reception of an EDTV signal of 
medium resolution/grade and 18 miles for reception of an 
LDTV signal of \ob resolution grade although decreased by 
5 miles for reception of an HDTV signal of high resolution 
grade, as shown in FIG. 106. FIG. 107 shows a service area 
in case of a shit factor n or s=1.8. FIG. 135 shows the 
service area of FIG. 107 in terms of area. 

More particularly, the medium resolution component of a 
digital TV broadcast signal of the SRQAM mode of the 
preset invenu6n can successfully be intercepted in an unfa- 
vorable service region or shadow area where a conventional 
medium frequency band TV signal is hardly propagated and 
attenuated due to obstacles. Within at least the predeter- 
mined service area, the NTSC TV signal of the SRQAM 
mode can pe intercepted by any traditional TV receiver. As 
the shadow or signal attenuating area developed by building 
structures/and other obstacles or by interference of a neigh- 
bor analogue TV signal or produced in a low land is 
decreased to a minimum, TV viewers or subscribers will be 
increased in number. 

Also, the HDTV service can be appreciated by only a few 
viewers/who afford to have a set of high cost HDTV receiver 
and display, according to the conventional system. The 
system/of the present invention allows a traditional NTSC, 
PAL, qr SEC AM receiver to intercept a medium resolution 
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component of the digital HDTV signal with the use of an 
additional digital tuner. A majority of TV viewers can hence 
enjoy the service, at less cost and will be increased in 
number. This will encourage the TV broadcast business and 
create an extra social benefit. / 

Furthermore, the signal receivable area for medium reso- 
lution or NTSC TV service according to the present inven- 
tion is increased about 36% at n=2 J, as compared with the 
conventional system. As the service area thus the/number of 
TV viewers is increased, the TV broadcast busmess enjoys 
an increasing profit This reduces a risk in theilevelopment 
of a new digital TV business which will thus fcse encouraged 
to put into practice. / 

FIG. 107 shows the service area of a 3L5RQAM signal 
of the present invention in which the same effect will be 
ensured at rr=1.8. Two service areas 703i and 7036, of D, 
and D 2 signals respectively can be determined in extension 
for optimum signal propagation by Varying the shift n 
considering a profile of HDTV and NTSC receiver distri- 
bution or geographical features. Accordingly, TV viewers 
will satisfy the service and a supplier station will enjoy a 
maximum of viewers. / 

This advantage is given when: / 



n>1.0 / 

Hence, if the 32 SRQAM sigcfal is selected, the shift n is 
determined by: / 

l<n<3 / 

Also, if the 16 SRQAM signal is employed, n is determined 
by: I 

l<r.<3 / 

In the SRQAM mode signal terrestrial broadcast service 
in which the first and second data levels are created by 
shifting corresponding signal points as shown in FIGS. 99 
and 100, the advantage of the present invention will be given 
when the shift n in 1 16. 32, or 64 SRQAM signal is more 
than 1.0. / 

In the above enpodiments, the low and high frequency 
band components of a video signal are transmitted as the first 
and second data Atreams. However, the transmitted signal 
may be an audiottignal. In this case, low frequency or low 
resolution components of an audio signal may be transmitted 
as the first data«tream, and high frequency or high resolu- 
tion component of the audio signal may be transmitted as 
the second datafstream. Accordingly, it is possible to receive 
high ON portion in high sound quality, and low ON portion 
in low sound quality. This can be utilized in PGM broadcast, 
radio, portable telephone and the like. In this case, the 
broadcasting? area or communication distance can be 
expanded as/ compared with the conventional systems. ^ 

Furthermore, the third embodiment can incorporate a time 
division multiplexing (TDM) system as shown in FIG. 133. 
Uub'zation/of the TDM makes it possible to increase the 
number of subchannels. An ECC encoder 743a and ECC 
encoder ifob, provided in two subchannels, differentiate 
ECC cod* gains so as to make a difference between thresh- 
olds of these two subchannels, whereby an increase in the 
number if channels of the multi-level signal transmission 
can be realized. In this case, it is also possible to provide the 
ECC encoder, such as two Trellis encoders 743a and 743f> 
for VSB-ASK signals of 4 VSB, 8 VSB, 16 VSB as shown 
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in FIG. 137 and differentiate their code gains. The explana- 
tion of this block diagram is substantially identical to that of 
later described block diagram of FIG. 131 which shows the 
sixth embodiment of the present invention and. therefore, 
will not be described here. / 

FIG. 131 is a block diagram of the magnetic recording and 
reproducing apparatus, and FIG. 137 is a block diagram of 
the transmission apparatus. / 

The up convener of the transmitter and the down con- 
verter of the receiver of the transmission apparatus can be 
substituted for the magnetic head recording signal amplifier 
circuit and the magnetic head reproducing signal amplifier 
circuit of the magnetic recording and reproducing apparatus, 
respectively, and there respective components are therefore 
identically constructed. The configuration and operation of 
the modulator and demodulator of the magnetic recording 
and reproducing apparatus are therefore/also identical to 
those of the transmission apparatus. Similarly, the recording/ 
reproducing/transmission system shownyui FIG. 84 is iden- 
tical in construction to the transmission system shown in 
FIG. 156. To further simplify the system, the configuration 
shown in the block diagram of FIG. 167 can be used, or for 
even greater simplification the blocy diagram of FIG. 158 
can be used. / 

In a simulation of FIG. 106, mere is provided 5 dB 
difference of a coding gain between 1*1 subchannel D M and 
1-2 subchannel D 4 . 2 . / 

An SRQAM is the system applying a C-CDM (Constel- 
lation-Code Division Multiplex! of the present invention to 
a rcctangle-QAM. A C-CDNK which is a multiplexing 
method independent of TDM 6r FDM, can obtain subchan- 
nels by dividing a constcllafion-code corresponding to a 
code. An increase of the mfmbcr of codes will bring an 
expansion of transmission capacity, which is not attained by 
TDM or FDM alone, while maintaining almost perfect 
compatibility with conventional communication apparatus. 
Thus C-CDM can bring excellent effects. 

Although above embodiment combines the C-CDM and 
the TDM, it is also possitrte to combine the C-CDM with the 
FDM (Frequency Division Multiplex) to obtain similar 
modulation effect of th/eshold values. Such a system can be 
used for a TV broadcasting, and FIGS. 108(a)-108(e) s*"> w 
shows a frequency distribution of a TV signal. A spectrum 
725 represents a frequency distribution of a conventional 
analogue, e.g. OTSqf broadcasting signal. The largest signal 
is a video carrier 722. A color carrier 723 and a sound carrier 
724 arc not so lareje. Tnerc is known a method of using an 
FDM for dividing a digital broadcasting signal iato two 
frequencies. In tWs case, a carrier is divided into a first 
carrier 726 and a second carrier 727 to transmit a first 720 
and a second signal 721 respectively. Interference can be 
lowered by placing first and second carriers 726 and 727 
sufficiently far/from the video carrier 722. The first signal 
720 serves to pansmit a low resolution TV signal at a large 
output level, while the second signal 721 serves to transmit 
a high resolution TV signal at a small output level. Conse- 
quently, the multi-level signal transmission making use of an 
FDM can be/realized without being bothered by obstruction. 

FIG. 134 shows an example of a conventional method 
using a 32/QAM system. As the subchannel A has a larger 
output than the subchannel B, a threshold value for the 
subchannel A, i.e. a threshold 1, can be set small 4-5 dB than 
a threshold value for the subchannel B, i.e. a threshold 2. 
Accordingly, a two-level broadcasting having 4-5 dB 
threshold difference can be realized. In this case, however, 
a large reduction of signal reception amount will occur if the 
receiving signal level decreases below the threshold 2. 
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Because the second signal 721a. having a large infortnition 
amount as shaded in the drawing, cannot be received in such 
a case and only the first signal 720a, having i small 
information amount, is received. Consequently, L pecture 
quality brought by the second level will be extremely worse. 

However, the present invention resolves tms problem. 
According to the present invention, the first iignal 720 is 
given by 32 SRQAM mode which is obtained through 
C-CDM modulation so that the subchannel JjL is divided into 
two subchannels 1 of A and 2 of A. Tlfe newly added 
subchannel 1 of A, having a lowest threshold value, carries 
a low resolution component. The secona signal 721 is also 
given by 32 SRQAM mode, and a threshold value for the 
subchannel 1 of B is equalized with ue threshold 2. 

With this arrangement, the region m which a transmitted 
signal is not received when the signal level decreases below 
the threshold 2 is reduced to a shaded portion of the second 
signal 721a in FIG. 108. As the subchannel 1 of B and the 
subchannel A are both receivable/ the transmission amount 
is not so much reduced in total. Accordingly, a better picture 
quality is reproduced even in the second level at the signal 
level of the threshold 2. / 

By transmitting a normal resolution component in one 
subchannel, it becomes possible to increase the number of 
multiple level and expand alow resolution service area. This 
low-threshold subchannel is utilized for transmitting impor- 
tant information such as sound information, sync informa- 
tion, headers of respective data, because these information 
carried on this low-tfuxshold subchannel can be surely 
received. Thus stable reception is feasible. If a subchannel is 
newly added in the second signal 721 in the same manner, 
the number of levels/ of multi -level transmission can be 
increased in the service area. In the case where an HDTV 
signal has 1050 scanning lines, an new service area equiva- 
lent to 775 lines can be provided in addition to 525 lines. 

Accordingly, the combination of the FDM and the 
C-CDM realizes art increase of service area. Although above 
embodiment divides a subchannel into two, it is needless to 
say it is also possible to divide it into three or more parts. 

Next, a method of avoiding obstruction by combining the 
TDM and the C-CDM will be explained. As shown in FIG. 
109, an analogue TV signal includes a horizontal retrace line 
portion 732 and a video signal portion 731. This method 
utilizes a low signal level of the horizontal retrace line 
portion 732 /and non-display of obstruction on a picture 
plane during this period. By synchronizing a digital TV 
signal with/an analogue TV signal, horizontal retrace line 
sync slots 733 and 733a of the horizontal retrace line portion 
732 can be/ used for transmission of an important signal, eg. 
a sync simal or numerous data at a high output level. Thus, 
it becornfes possible to increase the data amount or output 
level wimout increasing obstruction. A similar effect will be 
expected even if vertical retrace line sync slots 737 and 737a 
are provided synchronously with vertical retrace line por- 
tions 735 and 735a 

FIG. 110 shows a principle of the C-CDM. Furthermore, 
FIG. Ill shows a code assignment of the C-CDM equivalent 
to anfexpanded 16 QAM. FIG. 112 shows a code assignment 
of me C-CDM equivalent to an expanded 32 QAM. As 
shofn in FIGS. 110 and 111, a 256 QAM signal is divided 
into/ four, 740a, 740a. 740c, and 740i. levels which have 4, 
16J64, and 256 segments, respectively. A signal code word 
74M of 256 QAM on the fourth level 740cf is "11111111" of 
8 bits. This is split into four code words 741a, 741a, 741c, 
aid 741o i of 2-bits— i.e. "11", "IP, "11", "ll". which are 
then allocated on signal point regions 742a, 742a, 742c, and 
742a* of first, second, third, and fourth levels 740a, 740a, 
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740c. and 74(W, respectively. As a result, subchannels 1/2, 
3. and 4 of 2 bits are created. This is termed C-CDM 
(Constellation-Code Division Multiplex). FIG.,111 shows a 
detailed code assignment of the C-CDM equivalent to 
expanded 16 QAM, and FIG. 112 shows a detailed code 
assignment of the C-CDM equivalent to expanded 32QAM. 
As the C-CDM is an independent multiplexing method, it 
can be combined with the conventional FDM (Frequency 
Division Multiplex) or TDM (Time Division Multiplex) to 
further increase the number of subchannels. In this manner, 
the C-CDM method realizes a novel multiplexing system. 
Although the C-CDM is explained by usin/ rectangular 
QAM, other modulation system having signal points, e.g. 
QAM, PSK, ASK, and even FSK if frequenfcy regions are 
regarded as signal points, can be also used; for this multi- 
plexing in the same manner. 

For example, the error rate of the subchannel 1 of 8PS- 
APSK, explained in the embodiment 1 /With reference to 
FIG. 139, will be expressed as follows: 

The error rate of the subchannel 2 is expressed as follows: 

Furthermore, the error rate of die subchannel 1 of 16-PS- 
APSK (PS type), explained with/eference to FIG. 142, will 
be expressed as follow: 

The error rate of the subchannel 2 is expressed as follows: 

e T \ "55- ) ♦ 1[ <* { 53 J * 

i ^ ( (Witt ^ 
T'*{ 55 ) • 

The error rate of the Subchannel 3 is expressed as follows: 



/EMBODIMENT 4 

A fourth embodiment of the present invention will be 
described referring to the relevant drawings. 

FIG. 37 illustrates the entire arrangement of a signal 
transmission system of the fourth embodiment, 'which is 
arranged for terrestrial service and similar in both construc- 
tion and action jlo that of the third embodiment shown in 
FIG. 29. The difference is that the transmitter antenna 6 is 
replaced by a terrestrial antenna 6a and the receiver antennas 
22, 23, and 24 are also replaced by three terrestrial antennas 
22<i, 23a, and /24a. The action of the system is identical to 
that of the third embodiment and will not be explained in 
more detail. The terrestrial broadcast service unlike a satel- 
lite service depends much on the distance between the 
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transmitter antenna 6a to the receiver antennas 22a, 32a, ahd 
42a. If a receiver is located far from the transmitter, the level 
of a received signal is low. Particularly, a common : 
level QAM signal can hardly be demodulated by the receiver 
which thus reproduces no TV program. 

The signal transmission system of the present invention 
allows the first receiver 23 equipped with the antenna 22a, 
which is located at a far distance as shown in BIG. 37, to 
intercept a modified 16 or 64 QAM signal and demodulate 
at 4 PS K mode the first data stream or D, comt/onent of the 
received signal to an NTSC video signal st> that a TV 
program picture of medium resolution can be displayed even 
if the level of the received signal is relatively low. 

Also, the second receiver 33 with the /antenna 32a is 
located at a medium distance from the an/enna 6a and can 
thus intercept and demodulate both firs/ and second data 
streams or D t and D 2 components of the/modified 16 or 64 
QAM signal to an HDTV video signal which in turn 
produces an HDTV program picture. 

The third receiver 43 with the antenna 42a is located at a 
near distance and can intercept and/demodulate the first, 
second, and third data streams or lJ lv D 2 . and D 3 compo- 
nents of the modified 1 6 or 64 QAM/signal to a super HDTV 
video signal which in turn produces a super HDTV picture 
in quality to a common movie picture. 

The assignment of frequenciesAs determined by the same 
manner as of the time division multiplexing shown in FIGS. 
34, 35, and 36. Like FIG. 34/ when the frequencies are 
assigned to first to sixth channels, LI of the D, component 
carries an NTSC data of the/first channel, Ml of the D 2 
component carries an HDTV difference data of the first 
channel, and HI of the D 3 component carries a super HDTV 
difference data of the first /channel. Accordingly, NTSC, 
HDTV, and super HDTV data all can be carried on the same 
channel. If D 2 and D 3 of the other channels are utilized as 
shown in FIGS. 35 and 3ff. more data of HDTV and super 
HDTV respectively can bf transmitted for higher resolution 
display. 

As understood, the system allows three different but 
compatible digital TV /signals to be carried on a single 
channel or using D 2 and D 3 regions of other channels. Also, 
the medium resoluuon/rv picture data of each channel can 
be intercepted in a yider service area according to the 
present invention. 

A variety of terrestrial digital TV broadcast systems 
employing a 16 QAM HDTV signal of 6 MHz bandwidth 
have been proposed/Those are however not compatible with 
the existing NTSC/system and thus, have to be associated 
with a simulcast technique for transmitting NTSC signals of 
the same program on another channel. Also, such a common 
16 QAM signal limits a service area. The terrestrial service 
system of the present invention allows a receiver located at 
a relatively far distance to intercept successfully a medium 
resolution TV signal with no use of an additional device nor 
an extra channel 

FIG. 52. shows an interference region of the service area 
702 of a conventional terrestrial digital HDTV broadcast 
station 701. A's shown, the service area 702 of the conven- 
tional HDTV/station 701 intersects with the service area 712 
of a neighboring analogue TV station 711. At the intersect- 
ing region 713, an HDTV signal is attenuated by signal 
interference/from the analogue TV station 711 and will thus 
be intercepted with less consistency. 

FIG. 53 Ahows an interference region associated with the 
multi-level signal transmission system of the present inven- 
tion. The system is low in the energy utilization as compared 
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with a conventional system and its service area 703 for 
HDTV signal propagation is smaller than the area 702 ofdfc 
conventional system. On the contrary, the service* area /G4 
for digital NTSC or medium resolution TV signal prooaga. 
tion is larger than the conventional area 702. The lcfrel of 
signal interference from a digital TV station 701/of the 
system to a neighboring analogue TV station 711 yequiva- 
lent to that from a conventional digital TV statiop, such as 
shown in FIG. 52. / 

In the service area of the digital TV station 701, there are 
three interference regions developed by signal interference 
from the analogue TV station 711. Both HDTV and NTSC 
signals can hardly be intercepted in the first region 705. 
Although fairly interfered, an NTSC signal may be inter- 
cepted at an equal level in the second regipn 706 denoted by 
the left down hatching. The NTSC signal is carried on the 
first data stream which can be reproduced at a relatively low 
ON rate and will thus be minimum affected when the ON 
rate is declined by signal interference from the analogue TV 
station 711. / 

At the third region 707 denoted by the right down 
hatching, an HDTV signal can also be intercepted when 
signal interference is absent whfle the NTSC signal can 
constantly be intercepted at a low level. 

Accordingly, the overall signal receivable area of the 
system will be increased although the service area of HDTV 
signals becomes a little bit smaller than that of the conven- 
tional system. Also, at the signal attenuating regions pro- 
duced by interference from/a neighboring analogue TV 
station. NTSC level signal/ of an HDTV program can 
successfully be intercepted ps compared with the conven- 
tional system where no HDTV program is viewed in the 
same area. The system of the present invention much 
reduces the size of signal attenuating area and when 
increases the energy of sjgnal transmission at a transmitter 
or transponder station, cin extend the HDTV signal service 
area to an equal size to tnc conventional system. Also, NTSC 
level signals of a TV program can be intercepted more or 
less in a far distance aica where no service is given by the 
conventional system ora signal interference area caused by 
an adjacent analogue rTV station. 

Although the embodiment employs a two-level signal 
transmission method( a three-level method such as shown in 
FIG. 78 will be used with equal success. If an HDTV signal 
is divided into three picture levels-HDTV, NTC, and low 
resolution NTSC, tne service area shown in FIG. 53 will be 
increased from two levels to three levels where the signal 
propagation is extended radially and outwardly. Also, low 
resolution NTSC signals can be received at an acceptable 
level at the first iignal interference region 705 where NTSC 
signals are hardly be intercepted in the two-level system. As 
understood, the/ signal interference is also involved from a 
digital TV station to an analogue TV station. 

The description will now be continued, provided that no 
digital TV station should cause a signal interference to any 
neighboring analogue TV station. According to a novel 
system under consideration in U.S.A., no -use channels of 
the existing/ service channels arc utilized for HDTV and 
thus, digitaysignals must not interfere with analogue signals. 
For the purpose, the transmitting level of a digital signal has 
to be decreased lower than that shown in FIG. 53. If the 
digital signal is of conventional 1 6 QAM or 4 PSK mode, its 
HDTV service area 708 becomes decreased as the signal 
interference region 713 is fairly large as shown in FIG. 54. 
This results in a less number of viewers and sponsors, 
wherebyT such a digital system will have much difficulty in 
operating as a profitable business. 
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FIG. 55 shows a similar result according to the system of 
the present invention. As apparent, the HDTV signal receiv- 
able 703 is a litdc bit smaller than the equal area 708 of ihe 
conventional system. However, the lower rcsojutioy or 
NTSC TV signal receivable area 704 will be increased as 
compared with the conventional system. The hatching area 
represents a region where the NTSC level signafof a 
program can be received while HDTV signal of theieme is 
hardly intercepted. At the first interference region 105, both 
HDTV and NTSC signals cannot be intercepted du/to signal 
interference from an analogue station 711. / 

When the level of signals is equal, the mal Li/level trans- 
mission system of the present invention provides a smaller 
HDTV service area and a greater NTSCsafvice area for 
interception of an HDTV program at an NTSC signal level. 
Accordingly, the overall service area ofxach station is 
increased and more viewers can enjoy its 7TV broadcasting 
service. Furthermore, HDTV/NTS C compatible TV busi- 
ness can be operated with economical advantages and con- 
sistency. It is also intended that the levyel of a transmitting 
signal is increased when the contrcyon averting signal 
interference to neighboring analogue W stations is lessened 
corresponding to a sharp increase in the number of home-use 
digital receivers. Hence, the service/area of HDTV signals 
will be increased and in this respect, the two different 
regions for interception of HDTV/NTSC and NTSC digital 
TV signal levels respectively, shown in FIG. 55, can be 
adjusted in proportion by varying/the signal point distance in 
the first and/or second data stream. As the first data stream 
carries information about the signal point distance, a multi- 
level signal can be received with more certainty. 

FIG. 56 illustrates signal interference between two digital 
TV stations in which a ncienboring TV station 701a also 
provides a digital TV broadcast service, as compared with an 
analogue station in FIG. 52/Since the level of a transmitting 
signal becomes high, the HDTV service or high resolution 
TV signal receivable area/703 in increased to an extension 
equal to the service areay702 of an analogue TV system. 

At the intersecting region 714 between two service areas 
of their respective stations, the received signal can be 
reproduced not to an HDTV level picture using a common 
directional antenna due to signal interference but to an 
NTSC level picture Mi:h a particular directional antenna 
directed towards a desired TV station. If a highly directional 
antenna is used, the received signal from a target station will 
be reproduced as an HDTV picture. The low resolution 
signal receivable ^rea 704 is increased larger than the 
analogue TV system service area 702 and a pair of inter- 
secting regions 715 and 716 developed by the two low 
resolution signal receivable areas 704 and 704a of their 
respective digital TV stations 701 and 701a permit the 
received signaV from an antenna directed to one of the two 
stations to be reproduced as an NTSC level picture. 

The HDTV service area of the multi-level signal trans- 
mission system of .the present invention itself will be much 
increased when applicable signal restriction rules are with- 
drawn in a/ coming digital TV broadcast service maturity 
time. / 

At the /time, the system of the present invention also 
provides /as a wide HDTV signal receivable area as of the 
conventional system and particularly, allows its transmitting 
signal to be reproduced at an NTSC level in a further 
distance or intersecting areas where TV signals of the 
conventional system are hardly intercepted. Accordingly, 
signal attenuating or shadow regions in the service area will 
be minimized. 
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EMBODIMENT 5 

A fifth embodiment of the present invention resides/ in 
amplitude modulation or ASK procedure. FIG. 57 illustrates 
the assignment of signal points of a 4-Ievcl ASK signal /such 
as VSB signal, according to the fifth embodiment, inywhich 
four signal points arc denoted by 721 , 722, 723, add 724. 
FIG. 68(a) shows the constellation of 8-IevcI VSBsignal. 
The four-level transmission permits a 2-bit data to be 
transmitted in every cycle period where as the eight-level 
transmission permits a 4-bit data. It is assumed that the four 
signal points 721, 722, 723, and 724 in the cade of 4 VSB 
represent two-bit patterns 00, 01, 10, and 11 Respectively. 

In FIG. 58, the constellation of 4 -level ASK, such as 
4-level VSB, is shown. For case of four-level signal trans- 
mission of the embodiment, the two signal points 721 and 

722 arc designated as a first signal point group 725 and the 
other two signal points 723 and 724 ace designated as a 
second signal point group 726. The distance between the two 
signal point groups 725 and 726 is then determined wider 
than that between any two adjacent /signal points. More 
specifically, the distance Lq between tne two signals 722 and 

723 is arranged wider than the distance L between the two 
adjacent points 721 and 722 or 723/and 724. 

This is expressed as: 



Hence, the multi-level signal transmission system of the 
embodiment is based on L^L/The embodiment is however 
not limited to L^L, and L^Lywill be employed temporarily 
or permanently depending on the requirements of design, 
condition, and setting. In the/case of VSB, the constellation 
shown in FIGS. 68(a) and (b) are taken. 

The two signal point group are assigned one-bit patterns 
of the first data stream d! as shown in FIG. 59(a). More 
particularly, a bit 0 of binary system is assigned to the first 
signal point group 725 anof another bit 1 to the second signal 
point group 726. Then, a/one-bit pattern of the second data 
stream D 2 is assigned to each signal point. For example, the 
two signal points 721 and 723 arc assigned D 2 =0 and the 
other two signal points/722 and 724 arc assigned D 2 =l. 

The multi-level signal transmission of the present inven- 
tion can be implemented in an ASK mode using the fore- 
going signal point assignment. The system of the present - 
invention works in tne same manner as of a conventional 
equal signal point pi stance technique when the signal to 
noise ratio or ON rate is high. If the ON rate becomes low 
and no data can he reproduced by the conventional tech- 
nique, the present/system ensures reproduction of the first 
data stream D, but not the second data stream D 2 . In more 
detail, the state at low ON is shown in FIG. 60 illustrating 
the constellation/ of ASK of 4 VSB. The signal points 
transmitted are/displaced by a Gaussian distrigution to 
ranges 721a. '722a, 723a, and 724a respectively at the 
receiver side dufe to noise and transmission distortion. There- 
fore, the distinction between the two signals 721 and 722 in 
the case of slice level 2 or between 723 and 724 in the case 
of slice level k will hardly be executed. In other words, the 
error rate in tne second data stream D 2 will be increased. As 
apparent from FIG. 60, the two signal points 721 and 722 are 
easily distinguished from the other two signal points 723 and 
724. The distinction between the two signal point groups 
725 and 726 can thus be carried out with ease. As the result, 
the first data stream D , will be reproduced at a low error rate. 

Accordingly, the two different level data D, and D 2 can be 
transmitter simultaneously. More particularly, both the first 
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and second data streams D, and D 2 of a given sigpl 
transmitted through the multi-level transmission systemcan 
be reproduced at the area where the C/N rate is high ana the 
first data stream D, only can be reproduced in the area where 
the C/N rate is low. / 

FIG. 61 is a block diagram of a transmitter 741 u( which 
an input unit 742 comprises a first data stream inpu/743 and 
a second data stream input 744. A carrier wave from a carrier 
generator 64 is amplitude modulated by a multiplier 746 
using an input signal fed through a processor 745 from the 
input unit 743 to provide the 4-Ievel or 8-icve/ ASK signal, 
as shown in FIG. 62(a). The modulated signal, i.e., the 
4-lcvel or 8 -level ASK signal is then band limited by a band 
pass filter 747 into a vestigial side barfd having some 
residual side band of the carrier, as shown in FIG. 62(b), i.e., 
to an ASK signal of e.g. VSB mode whicra is then delivered 
from an output unit 748. / 

The waveform of the ASK signal after filtering will now 
be examined. FIG. 62(a) shows a frequency spectrum of the 
ASK modulated signal in which two/idebands are provided 
on both sides of the carrier frequency band. One of the two 
sidebands is eliminated by the filte/474 to produce a signal 
749 which contains a carrier component as shown in FIG. 
62(b). The signal 749 is a VSB signal and if the modulation 
frequency band is f 0 . will be transmitted in a frequency band 
of about TJ2. Hence, the frequency utilization becomes 
high. Using VSB mode transmission, the ASK signal of two 
bit per symbol shown in FIG/ 60 can thus carry in the same 
frequency band an amount of data equal to that of 16 QAM 
mode at four bits per symbol for 4 VSB, and 32 QAM mode 
at five bits per symbol for/8 VSB. 

FIG. 63 is a block diagram of a receiver 751 in which an 
input signal intercepted /by a terrestrial antenna 32a is 
transferred through an input unit 752 to a mixer 753 where 
it is mixed with a signal from a variable oscillator 754 
controlled by channel Selection to a lower medium fre- 
quency signal. The signal from the mixer 753 is then 
detected by a detector f755 and filtered by an LPF 756 to a 
baseband signal whidh is transferred to a discriminating/ 
demodulator circuit 757 which has 4-level slicer in the case 
of 4 VSB, and 8-le*el slicer in the case of 8 VSB. The 
discrimination/demoflulator circuit 757 reproduces two, first 
D, and second D 2 ./data streams from the baseband signal 
and transmits therd further through first and second data 
stream output 758 /and 759 respectively. 

The transmission of a TV signal using such a transmitter 
and a receiver will be explained. FIG. 64 is a block diagram 
of a video signal transmitter 774 in which a high resolution 
TV signal, e.g. aA HDTV signal, is fed through an input unit 
403 to a divider circuit 404 of a first video encoder 401 
wherc.it is divined into four high/low frequency TV signal . 
components ddnoted by e.g. H^V^, .H^V,,, H^V^, and 
H m Vh- This action is identical to that of the third embodi- 
ment previously described referring to FIG. 30 and will not 
be explained iA more detail. The four separate TV signals are 
encoded respectively by a compressor 405 using a known 
DPCMDCT variable length code encoding technique which 
is commonly used e.g. in MPEG. Meanwhile, the motion 
compensation of the signal is carried out at the input unit 
403. The compressed signals are summed by a summer 771 
into two, first and second, data streams D l and D 2 . The low 
frequency video signal component or H L V L signal is con- 
tained in the first data stream D,. The two data stream 
signals. D/ and D 2 are then transferred to first and second 
data stream inputs 743 and 744 of a transmitter unit 741 
where they are amplitude modulated and summed into an 
ASK signal of e.g. VSB mode which is propagated from a 
tcrrcstrill antenna for broadcast service. 
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FIG. 65 is a block diagram of a TV receiver for suoh a 
digital TV broadcast system. A 4-VSB or 8-VSB digital TV 
signal intercepted by a terrestrial antenna 32a is'fed/to an 
input 752 of a receiver 781. The signal is then transferred lo 
a VSB detection/demodulation circuit 760 where ^desired 
channel signal is selected and demodulated to two/ first and 
second, data streams D! and D 2 which are then fed to first 
and second data stream outputs 758 and 759 respectively. 
The operation in the receiver unit 751 is similar to that 
described previously and will not be explained in more 
detail. The two data streams D ( and D 2 are sent to a divider 
unit 776 in which D, is divided by a divider 777 into two 
components; one or compressed H t V L is transferred to a first 
input 521 of a second video decoder 422 and the other is fed 
to a summer 778 where it is summed with D 2 prior to 
transfer to a second input 531 of the second video decoder 
422. Compressed H L V L is then sent from the first input 521 
to a first expander 523 where it is expanded to H^V^ of the 
original length which is then u-ansfped to a video mixer 
548 and an aspect ratio changing circuit 779. When the input 
TV signal is an HDTV signal, represents a wide- 
screen NTSC signal. When the same is an NTSC signal. 
H L V L represents a lower resolution video signal, eg. 
MPEG1, that an NTSC level. / 

The input TV signal of the/ embodiment is an HDTV 
signal and H L \ L becomes a wtf c-scrcen NTSC signal. If the 
aspect ratio of an available display is 16:9. H £ V L is directly 
delivered through an output unit as a 16:9 video output 426. 
If the display has an aspectyhtio of 4:3. H L V L is shifted by 
the aspect ratio changing circuit 779 to a letterbox or 
sidcpanel format and their, delivered from the output unit 
780 as a corresponding format video output 425. 

The second data stream D 2 fed from the second data 
stream output 759 to thj summer 778 is summed with the 
output of the divider 17v to a sum signal which is then fed 
to the second input 531 of the second video decoder 422. 
The sum signal is further transferred to a divider circuit 531 
while it is divided into three compressed forms of H^V^ 
H^V^. and H^V,,. Thi three compressed signals are then fed 
to a second 535, a ttiird 536. and a fourth expander 537 
respectively for converting by expansion to H^V^, H^V^ 
and H„V„, of the jbriginal length. The three signals are 
summed with H^Vl by the video mixer 548 to a composite 
HDTV signal whidh is fed through an output 546 of the 
second video decoder to the output unit 780. Finally, the 
HDTV signal is delivered from the output unit 780 as an 
HDTV video sigdal 427. 

The output unit 780 is arranged for detecting an error rate 
in the second data stream of the second data stream output 
759 through an I rror rate detector 782 and if a condition in 
which the error/rate is high continues for a predetermined 
time. H L V L of low resolution video data systematically arc 
produced for a/predetermined time. 

Accordingly! the multi-level signal transmission system 
for digital TV/ signal transmission and reception becomes 
feasible. For example, if a TV signal transmitter station is 
near, both the first and second data streams of a received 
signal can successfully be reproduced to exhibit an HDTV 
quality picture. If the transmitter station is far, the first data 
stream can bjc reproduced to K L V L which is converted to a 
low resolution TV picture. Hence, any TV program will be 
intercepted in a wider area and displayed at a picture quality 
ranging frorA HDTV to NTSC level. 

FIG. 66 is a block diagram showing another arrangement 
of the TV re cei ver. As shown, the receiver unit 751 contains 
only a first data stream output 768 and thus, the processing 
of the second data stream or HDTV data is not needed so that 
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the overall construction can be minimized. It is a good ifl 
to have the first video decoder 421 shown in FIG. 3l/as a 
video decoder of the receiver. Accordingly, an NTSQlevel 
picture will be reproduced. The receiver is fabricated at 
much less cost as having no capability to receive ; 
level signal and will widely be accepted in the market. In 
brief, the receiver can be used as an adapter /uner for 
interception of a digital TV signal with giving flo modifi- 
cation to the existing TV system including a <" 

When a scrambled 4-level VSB or 8-leyel VSB is 
received as shown in FIG. 66, the scramble/ cancellation 
signal transmitted with the 4- or 8-level ySB signal is 
compared by the descramblc number comparator 5026 with 
the number stored in the descramble mxmbe/ register 502c in 
the descrambler 502. Only when the transmitted stored 
numbers match is descrambling of specific scrambled trans- 
missions permitted. 

The TV receiver 781 may have a further arrangement 
shown in FIG. 67, which serves as botM a satellite broadcast 
receiver for demodulation of PSK signals and a terrestrial 
broadcast receiver for demodulation of VSB signals. In 
operation, a PSK signal received bwa satellite antenna 32 is 
mixed by a mixer 786 with a signal from an oscillator 787 
into a low frequency signal whicn is then fed through an 
input unit 34 to a mixer 753 sirniUr to one shown in FIG. 63. 
The low frequency signal of PSK or QAM mode in a given 
channel of the satellite TV system is transferred to a modu- 
lator 35 where two data streams D, and D 2 are reproduced 
from the signal. D, and D 2 arrf sent through a divider 788 to 
a second video decoder 422 where they arc converted to a 
video signal which is then delivered from an output unit 780. 
Also, a digital or analogue terrestrial TV signal intercepted 
by a terrestrial antenna 32a is fed through an input unit 752 
to the mixer 753 where onecesired channel is selected in the 
same manner as described An FIG. 63 and converted into to 
a low frequency base band signal. The signal of analogue 
form is sent directly to tae demodulator 35 for demodula- 
tion. The signal of digital form is then fed to a m^crimina- 
lion/demodulation circuit 757 where two data streams D, 
/from the signal. D x and D a are 
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video decoder 422 into a video 
livered further. A satellite analogue 
to a video demodulator 788 where 
an analogue video signal which is 
output unit 780. As understood, the 
receiver 781 shown in FIG. 67 is 
ble between' two, satellite and terres- 
Also, a receiver circuit including a 
>F 756 for AM modulation of an 
utilized compatible with a digital 
estrial TV serivicc. The major part of 
in FIG. 67 is arranged for compat- 
ible use, thus minirdizing a circuitry construction. 

According to the embodiment, a 4-lcvel ASK signal is 
divided into two, Dj and D 2 , level components for execution 
of the one-bit modi : multi-level signal transmission. If an 
8-level ASk signal ks shown in FIGS. 68(a) and (6) illus- 
trating the constcll ilion of the 8-VSB signal, i.e., 8-level 
VSB signal is used it can be transmitted in a one-bit mode 
three-level, D lf D 2 , and D Jt arrangement, thus, three bits pre 
symbol in total. A i hown in FIG. 68(a), the first bit coding 
is done as follows. 5 3 is assigned to eight signal points 721a 
and 7216; 722a ai d 7226; 723a and 7236; and 724a and 
7246, each pair, i. :., small group, representing a two-level 
pattern using one i it. Next, the second bit coding is done as 
follows. D 2 is assigned to two signal point groups 721 and 
722; and 723 an J 724, two mid groups representing a 
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two-level pattern using one bit. Next, the third bit coding is 
done as follows. D,, is assigned to two large signal /point 
groups 725 and 726 representing a two-level pattern/using 
one bit. More particularly, this is equivalent to a form in 
which each of the four signal points 721, 722, 723,/and 724 
shown in FIG. 57 is divided into two components thus 
producint, at the maximum, three different level/data. 

As understood from the above, each of the tight signal 
points is assigned with three bit data (D,, w 2t D 3 ). For 
example, if left side and right side are definedis logic 0 and 
logic 1, respectively, the three bit data (D lt p 2 , D 3 ) for the 
signal point 722a will be (0, 1, 0). This can/be explained as 
follows. Since the sigaal point 722a is in tile left side of the 
two large groups 725 and 726, logic 0 is ilven to D,. Also, 
the signal point 722a is in the right side of the two mid 
groups 721 and 722, so that logic 1 is gffven to D 2 . Further 
the signal point 722a is in the left sjfic of the two small 
groups 722a and 722b, so that logic Q is given to D 3 . In a 
similar manner, the three bit data (Dj/d 2 . D 3 ) for the signal 
point 723a will be (1, 0. 0). I 

"The three-level signal transmission, such as for the digital 
HDTV, is identical to that described in the third and fourth 
embodiments and will no further jbe explained in detail. 

The effects of television broadcasting using the 8-level 
VSB shown in FIGS. 68(a), (a), stad (c) are described below. 

While the transmitted data Quantity is high with 8-level 
VSB, it also has a higher erroriate than 4-level VSB for the 
same ON value. However, jh high image quality HDTV 
transmissions, the available transmission capacity makes it 
possible to apply more errotxorrcction coding, and the error 
rate can thus be reduced. JThis band capacity also enable 
multi-level (hierarchical) /television broadcasts and other 
new features in the future. 

The relative effects of 4-level, 8-levcI, and 16-level VSB 
are described below. / 

In ground station broadcasts using the NTSC or PAL 
frequency band, the usable transmission band is effectively 
limited to approximately 5 -MHz because of the 6-MHz 
frequency limit of thc/NTSC format, for example, as shown' 
in FIG. 136. With 4j(evel VSB, the effective data transmis- 
sion quantity is 5 MHzx4=20 Mops because the frequency 
utilization efficiency is 4 bits/Hz. A minimum of 15 
Mbps-18 Mops is required, however, for digital HDTV 
signal transmission. Because there is no spare capacity with 
4-level VSB, the/ redundancy used for error correction is 
only 10-20% off the HDTV effective transmission quantity 
as shown in ther comparison chart in FIG. 169. 

With 8-leveWSB, the effective data transmission quantity 
is 5 MHzx6=£0 Mbps because the frequency utilization 
efficiency is bits/Hz. While 15 Mbps-18 Mbps is required 
for digital tfl)TV signal transmission as described above, 
when usingfi-level VSB modulation, more than 50% of the 
actual HDTV signal transmission quantity can be used for 
error correction coding as shown in FIG. 169. As shown by 
error rate /curves 805 and 806 in FIG. 161, the error rate 
relative to the same C/N value in the transmission system is 
less witWTCM 8-level VSB than with 4-level VSB, even 
through terror correction code gain is greater with 8-level 
VSB than with 4-level VSB, because significantly more 
error correction coding can be added with 8-level VSB 
during ground station broadcasting of same-data-rate HDTV 
digital Signals using the 6-MHz band. As a result, 8-level 
VSB*/ 
effect 
HDTV 



ith high code gain error correction coding also has the 
)f enabling a larger service area for ground station 
broadcasts than does 4-level VSB. While the 
increased size of the error correction circuits required with 



8-level 



VSB does increase the complexity of the receiver 
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circuitry, ihc circuit scale of the equalizer in the receiver is 
significantly smaller than that of receivers using QAM 
modulation, which contains a phase component, because 
VSB and ASK are amplitude modulation methods/ As a 
result, an 8 -level VSB circuit board containing the error 
correction circuit is smaller than an equivalent /32-Ievel 
QAM board with the same transmission capacity/ 

A digital HDTV receiver with an appropriate circuit scale 
.and a large ground station broadcasting scrvi/c area can 
therefore be achieved using 8 -level VSB. 

Note that the ECC 744a and trellis encode/ 7446 in the 
transmitter and receiver block diagrams of FIG. 84 for the 
present embodiment, FIGS. 131 t 137, 15ft and 157 for 
embodiment 6, and FIG. 144 for embodiment 9 are used as 
examples of the specific error correction method, and the 4-, 
8-, and 16-level VSB modulator 749 described with refer- 
ence to FIG. 61 are used for transmission. The VSB 
demodulator 760 described with reference to FIG. 63 is used 
in the receiver to generate the digital/ reception data by 
• means of the 4-, 8% and 1 6-level level sttccr 757 from the 4- t 
8-, and 16-lcvel VSB signal. After erro/ correction by means * 
of the trellis decoder 7596 and ECC decoder 759 a, described 
below with reference to FIG. 84 for the present embodiment, 
and FIGS. 131, 137, 156, and 157 for embodiment 6, a 
digital HDTV signal is generated by the image expander of 
the image decoder 402, and the digital HDTV signal is then 
output. 

As shown in FIGS. 160(a) andf(a) described below with 
the sixth embodiment, the ECC (Encoder 744a uses a Reed- 
Solomon encoder 744/ and injferleavcr 744Jfc, and uses a 
deinterleavcr 759Jfe and Reed-Splomon decoder 759/ for the 
ECC decoder 759a. Applying /interleaving as described in 
the previous embodiment improves resistance to transmis- 
sion system noise such as burst error. 

Code gain can be further increased and the error rate 
decreased by using a trellis encoder as shown in FIGS. 
128(a), (6), (c), (J), («), ana (/). A ratio 2/3 trellis encoder 
7446 and decoder 759b as shown in FIG. 172 are most 
appropriate with 8 -level A/SB because of 3 bits/symbol 
coding. The data quantity/is compressed 2/3 in this case* 

The embodiments have been described using primarily 
the example of a multilevel (hierarchical) digital television 
signal. While an ideal broadcasting format can be achieved 
using a multilevel signal, the image compression circuit and 
modulator/demodulator circuits become more complex, and 
are therefore not preferable due to cost for the start of sew 
broadcasting services. As described at the beginning of the 
fifth embodiment, A broadcasting system with a simple 
television circuit can be achieved by using a signal-signal 
interval Ls=Lq. i.e./ an equal interval, in the 4-Ievel VSB and 
8-level VSB sigrfcls and a non-multilevel television trans- 
mission, and by Amplifying the circuit shown in FIG. 137 as 
shown in FIG. 157. Once the HDTV format is in common 
use, it is then possible to change to a hierarchical 8-level 
VSB transmission format. 

Four- and 8-level VSB have been described above, and 
16- and 32-lavel VSB are described below with reference to 
FIGS. 159(d>(fc). FIG. 159(a) shows the 16-lcvcl VSB 
constellation. As shown in FIG. 159(6), the signal between 
two signal points is grouped into eight groups 722a-722h, 
which are jfeatcd as eight signal points and can be treated as 
8-level VSB signals to enable a two-stage multilevel trans- 
mission, /in this case, multilevel transmission can be 
achievedywith time division multiplexing even when inter- 
mittently transmitting an 8-level VSB signal. The maximum 
data rati with this method is 2/3. In FIG. 157(c), the data is 
further/grouped into four groups 723a-723</, which can be 
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handled as 4-lcvd VSB signals adding one more level to/the 
hierarchy. While the mnimum data rate drops with/lime 
division multiplex transmission of 4-lcvet VSB' signals, 
multilevel transmission is possible with 3-stage multilevel 
VSB transmission. / 

With this method, a multilevel transmission! whereby 
8-level VSB or 4-level VSB data can be reproduced when 
the C/N ratio of the 16-level VSB data deteriorates can be 
achieved. By doubling the signal points of ihjf 16-level VSB 
format as shown in FIG. 159(d), 32-level VSB transmission 
is enabled. When 16-level VSB capacity i/increased in the 
future, this method will maintain compatibility while mak- 
ing it possible to obtain a 6-bit/syraboidata capacity. 

By summarizing the above, the VSB receiver shown in 
the block diagram of FIG. 161 and Jhc VSB transmitter 
shown in the block diagram of FIG. 162 can be achieved. 

While 4-level VSB and 8-level VSB are used by way of 
example above, 16-level VSB as shown in FIGS. 159(a)-(c) 
can also be used for transmission? With 16-level VSB, a 
40-Mbps transmission capacity can be used with a 6-MHz 
band in ground station broadcasting. Because the data rate of 
the HDTV digital compression signal is 15-18 Mbps using 
the MPEG standard, there is ex/essivc reserve in the trans- 
mission capacity. As shown infflG. 169, redundancy R 4 ^= 
I009& or greater, redundancy is therefore too great for 
transmitting one channel digital HDTV, and the circuitry is 
simply made more complex with little additional advantage 
gained over 8-level VSB. Id addition, 16-level VSB redun- 
dancy is only about 10%, Aie same as 4-level VSB redun- 
dancy, in ground station JiDTV broadcasting of two pro- 
grams with 16-lcvcl VSB. As a result, the service area is 
reduced because sufficient error correction coding cannot be 
applied with two-prog&m 16-level VSB. As described 
before, sufficient error /correction cannot be applied with 
4-level VSB because the redundancy R 4 =10-209& and the 
service area is limited? As will be known from FIG. 169, 
sufficient error correction coding can be achieved with 
8-level VSB becausjf the redundancy R g =50ft. A broad 
service area can also be achieved without significantly. 

In particular, the arrangement of the video encoder 401 of 
the third embodiment shown in FIG. 30 is replaced by a 
modification of the/block diagram of FIG. 69. The operation 
of the modified <rrangement is similar and will not be 
explained in greater detail. Two video signal divider circuits 
404 and 404a which may be sub-band filters are provided 
forming a divide* unit 794. The divider unit 794 may also be 
arranged more limple a shown in the block diagram of FIG. 
70, in which a signal passes across one signal divider circuit 
two times at u/ne division mode. More specifically, a video 
signal of e.g. HDTV or super HDTV from the input unit 403 
is time-base dbmpressed by a time-base compressor 795 and 
fed to the divider circuit 404 where it is divided into four 
components/H^V^H, H^-H. and H^V^H. and H^- 
H, at a first wcle. Al the time, four switches 765, 765a, 7656, 
and 765c remain turned to the position 1 so that H^V^H, 
H//V r H, and HjV^H, are transmitted to a compressing 
circuit 40fiTMcanwhilc, H^-H is fed back through the 
terminal lot the switch 765c to the time-base compressor 
795. At / second cycle, the four switches 765, 765a, 7656, 
and 765/ turned to the position 2 and all the four compo- 
nents of the divider circuit 404 arc simultaneously trans- 
ferred to the compressing circuit 405. Accordingly, the 
divider/ unit 769 of FIG. 70 arranged for time division 
processing of an input signal can be constructed in a simpler 
dividing circuit form. 

At /he receiver side, such a video decoder as described m 
the third embodiment and shown in FIG. 30 is needed for 
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ihrcc-Icvcl transmission of a video signal. More particularW, 
a third video decoder 423 is provided which contains two 
mixers 556 and 556a of different processing capabilitWas 
shown in the block diagram of FIG. 71. J 

Also, the third video decoder 423 may be modifial in 
which the same action is executed with one single mixer 556 
as shown in FIG. 72. At the first timing, five swatches 765, 
765a, 7656, 765c, 765<f remains turned to the position 1. 
Hence. H^, H^V*. H„V t , and are fed froAi a first 
522, a second 522a, a third 5226 and a fourth exparfder 522c 
to through their respective switches to the mixer 356 where 
they are mixed to a single video signal. The video signal 
which represents H L V r H of an input high resolution video 
signal is then fed back through the terminal 1 cf f the switch 
7654 to the terminal 2 of the switch 765c. At the second 
timing, the four switches 765, 765a. 7656. 765c are turned 
to the point 2. Thus, H^H, H^-H./H^H, and 
H^V r -H are transferred to the mixer 556 /Where they are 
mixed to a single video signal which is than sent across the 
terminal 2 of the switch 765a* to the output unit 554 for 
further delivery. / 

In this manner of time division processing of a three-level 
signal, two mixers can be replaced with one mixer. 

More particularly, four components Ml^l* ^r^/f H^V^ 
and H„V„ are fed to produce H^Vj/H at the first tuning. 
Then, H^H, H„V r H, and H„V JH are fed at the second 
timing delayed from the first timing and mixed with H^V^-H 
to a target video signal. It is thus essential to perform the two 
actions at an interval of time. / 

If the four components are overlap eich other or are 
supplied in a variable sequence, Ahey have to be time-base 
adjusted to a given sequence/ through using memories 
accompanied with their respective switches 765, 765a, 
7656. and 765c. In the foregoihg manner, a signal is trans- 
mitted from the transmitter at two different timing periods as 
shown in FIG. 73 so that no tpe-base conirolling circuit is 
needed in the receiver which is thus arranged more compact 

As shown in FIG. 73, Dj is the firs: data stream of a 
transmitting signal and H L Vi, H^, H„V it and H^V,, are 
transmitted on D z channel a/the period of first timing. Then, 
at the period of second Aiming. H^V W and H^V^, are 
transmitted on D 2 channel/ As the signal is transmitted in a 
time division sequence, the encoder in the receiver can be 
arranged more simple. / 

The technique of reducing the number of the expanders in 
the decoder will now be explained. FIG. 74(6) shows a 
time-base assignment of four data components 810, 810a, 
8106, and 810c of a signal. When other four data compo- 
nents 811. 811a, 811& and 811c are inserted between the 
four data component 811, 811a, 8116, and 811c respec- 
tively, the latter can it transmitted at intervals of time. In 
operation, the second video decoder 422 shown in FIG. 
74(a) receives the fpur components of the first data stream 
D l at a first input 521 and transfers, them through a switch 
812 to an expanded 503 one after another. 

More particularly, the component 810 first fed is 
expanded during the feeding of the component 8U and after 
completion of processing the component 810, the succeed- 
ing component &10a is fed. Hence, the expander 503 can 
process a row of the components at time intervals by the 
same lime division manner as of the mixer, thus substituting 
for the simultaneous operation of a number of expanders. 

FIG. 75 is a time-base assignment of data components of 
an HDTV signal, in which H L V A (1) of an NTSC component 
of the first chaline! signal for a TV program is allocated to 
a data domahT 821 of D t signal. Also. H^V^, H,,^ and 
H^V,, carrying HDTV additional components of the first 
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channel signal arc allocated to three domains 821a, 8216, 
and 821c of D 2 signal respectively. There arc provided cHher 
data components 822, 822a, 8226, and 822c between the 
data components of the first channel signal which can thus 
be expanded with an expander circuit during transmission of 
the other data. Hence, all the data components of one 
channel signal will be processed by a single/ expander 
capable of operating at a higher speed. / 

Similar effects will be ensured by assignment of the data 
components to other domains 821, 821a, 821if, and 821c as 
shown in FIG. 76. This becomes more effective in trans- 
mission and reception of a common 4 PSK or ASK signal 
having no different digital levels. / 

FIG. 77 shows a time-base assignment of data compo- 
nents during physical two-level traxumfesion of three dif- 
ferent signal level data: e.g. NTSC HDTV, and super HDTV 
or low resolution NTSC, standard resolution NTSC, and 
HDTV. For example, for transmission of three data compo- 
nents of low resolution NTSC, standard NTSC, and HDTV, 
the low resolution NTSC or H^vYis allocated to the data 
domain 821 of D, signal. Also, H Jv w , H^V^, and H^V^, of 
the standard NTSC component are allocated to three 
domains 821a, 8216, 821c respectively. H^V^H, H 7/ V r H, 
and H /; V /r H, of the HDTV component are allocated to 
domains 823, 823a, and 8236/tespectively. 

Here, as shown by the bloox diagrams of FIGS. 156 and 
170, a logic level arrangement based on discrirnination in the 
error correction capability/ as described in the second 
embodiment is added to 4 VfSB or 8 VSB. More particularly, 
Hi.V £ is carried on D ( ., cnannel of the D t signal. The Dj., 
channel is higher in the error correction capability than D,. 2 
channel, as described in the second embodiment. The B lml 
channel is higher in the /redundancy but lower in the error 
rate than the D,. 2 channel and the date 821 can be recon- 
structed at a lqwer C/N frate than that of the other data 821a, 
8216, and 821c. More /specifically, a low resolution NTSC 
component will be reproduced at a far location from the 
transmitter antenna oriin a signal attenuating or shadow area, 
e.g. the interior of a Vehicle. 

In view of the error rate, the data 821 of D ( ., channel is 
less affected by signal interference than the other data 821a, 
821b, and 821c of/D,. 2 channel, while being specifically 
discriminated and/ stayed in a different logic level, as 
described in the second embodiment. While D, and D 2 are 
divided into two physically different levels, the levels deter- 
mined by discrimination of the distance between error 
correcting codes/are arranged differently in the logic level. 

The demodulation of D 2 data requires a higher ON rate 
than that for D, data. In action, H^V^ or low resolution 
NTSC signal can at least be reproduced in a distant or lower 
C/N service ansa. H L V H , H^V^, and H^V^ can in addition 
be reproduced/at a lower C/N area. Then, at a high C/N area, 
H^V^-H, hJ/^H, and H W V W -H components can also be 
reproduced to develop an HDTV signal. Accordingly, three 
different level broadcast signals can be played back. This 
mc&od allows the signal receivable area shown in FIG. 53 
to increase from a double region to a triple region, as shown 
in FIG. 90,/thus ensuring a higher opportunity for enjoying 
TV programs. 

FIGS. 7J8 is a block diagram of the third video decoder 
arranged for the time-base assignment of data shown in FIG. 
77, which/is similar to that shown in FIG. 72 except that the 
third input 551 for D 3 signal is eliminated and the arrange- 
ment shoWn in FIG. 74(a) is added. 

In operation, both the D t and D 2 signals arc fed through 
two inpit units 521 and 530 respectively to a switch 812 at 
the firs/ timing. As their components including H^V^ are 
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time divided, they arc transferred in a sequence by the 
switch 812 to an expander 503. This sequence will now he 
explained referring to the time-base assignment of FIGJ77. 
A compressed form of H L V L of the first channel is firs/ fed 
to the expander 503 where it is expanded. Then, mV^ 
H„\ L , and H^V^ are expanded. All the four expanded 
components are sent through a switch 812a to a mixer 556 
where they arc mixed to produce H^V^-H. H^V^-Jyis then 
fed back from the terminal 1 of a switch 765a through the 
input 2 of a switch 765 to the H L V L input of the maxer 556. 

At the second liming, H^V^H, H^V^-H, and H^V^H of 
the D 3 signal shown in FIG. 77 are fed to the expander 503 
where they are expanded before transferred rfirougb the 
switch 821a to the mixer 556. They are mixed by the mixer 
556 to an HDTV signal which is fed through tie terminal 2 
of the switch 765a to the output unit 521 for further delivery. 
The time-base assignment of data components for transmis- 
sion, shown in FIG. 77, contributes to the simplest arrange- 
ment of the expander and mixer Although FIG. 77 shows 
two, D, and D 2 . signal levels, four-level ^transmission of a 
TV signal will be feasible using the addition of a D 3 signal 
and a super resolution HDTV signal. / 

FIG. 79 illustrates a time-base assignment of data com- 
ponents of a physical three-level, D,,/D 2 , D 3 , TV signal, in 
which data components of the same onannel are so arranged 
as not to overlap with one another jwith time. FIG. 80 is a 
block diagram of a modified video/decoder 423, similar to 
FIG. 78, in which a third input 5216 is added. The time-base 
assignment of data components/ shown in FIG. 79 also 
contributes to .the simple construction of the decoder. 

The operation of the modified decoder 423 is almost 
identical to thai shown in FIGt 78 and associated with the 
lime-base assignment shown/in FIG. 77 and will not be 
explained in greater detail. It is also possible to multiplex 
data components on the D/ signal as shown in FIG. 81. 
However, two data components 821 and 822 have increased 
error correction capability /than the other data components 
821a, 8126, and 812c, thus staying at a higher signal level 
More particularly, the data assignment for transmissions 
made in one physical leyel but two logic level relationship. 
Also, each data component of the second channel is inserted 
between two adjacent data components of the first channel 
so that serial processing can be executed 2t the receiver side 
and the same effects as of the time-base assignment shown 
in FIG. 79 will thusybe obtained. 

The time-base assignment of data components shown in 
FIG. 81 is based on the logic level mode and can also be 
carried in the physical level mode when the bit transmission 
rate of the two data components 821 and 822 is decreased to 
Vi or Vi thus to /lower the error rate. The physical level 
arrangement consists of three different levels. 

FIG. 82 is a/block diagram of another modified video 
decoder 423 for decoding of the D, signal time-base 
arranged as shown in FIG. 81, which is simpler in construc- 
tion than that/shown in FIG. 80. Its operation is identical to 
that of the decoder shown in FIG. 80 and will not be 
explained in/ greater details. 

As understood, the time-base assignment of data compo- 
nents shown in FIG. 81 also contributes to the similar 
arrangement of the expander and mixer. Also, four data 
components of the D, signal are fed at respective time slices 
to a mixir 556. Hence, the circuitry arrangement of the 
mixer 556 or a plurality of circuit blocks such as provided 
in the deo mixer 548 of FIG. 32 may be arranged for 
changing the connection therebetween corresponding to 
each dita component so that they become compatible in time 
division operation and thus, minimized in circuitry construc- 
tion./ 
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Accordingly, the receiver can be minimized in the overall 
construction. f 

It would be understood that the fifth embodiment is not 
limited to ASK modulation and the other methods including 
PSK and QAM modulation, such as described in the first, 
second, and third embodiments, will be employed with' equal 
success. / 

Also, FSK modulation will be eligible in Any of the 
embodiments. For example, the signal points of a multiple- 
level FSK signal consisting of four frequenc/ components 
Fl, f2, D, and f4 arc divided into groups as/shown in FIG. 
58 and when the distance between any /two groups arc 
spaced from each other for ease of discrimination, the 
multi -level transmission of the FSK signal can be imple- 
mented, as illustrated in FIG. 83. f 

More particularly, it is assumed tha/ the frequency group 
841 of ft and f2 is assigned D,=0 astt the group 842 of f3 
and f4 is assigned D,=l. If fl and £3 represent 0 at D 2 and. 
f2 and f4 represent 1 at D 2 , two-bit ifata transmission, one bit 
at D, or D 2 , will be possible as shown in FIG. 83. When the 
C/N rate is high, a combination of D,=0 and Dj=l is 
reconstructed at t=t3 and a combination of D t =l and Dj=0 
at t=t4. When the C/N rate is low, D ( =0 only is reproduced 
at t=t3 and D,=l at t=t4. In tjfis manner, the FSK signal can 
be transmitted in the multilevel arrangement. This multi- 
state FSK signal transmission is applicable to each of the 
third, fourth, and fifth embodiments. 

The fifth embodiment/may also be implemented in the 
form of a magnetic rocord/playback apparatus of which 
block diagram shown in FIG. 84 because its ASK mode 
action is appropriate tc/magnetic record and playback opera- 
tion. / 

The effects of television broadcasting using the 8-level 
VSB shown in FIGS! 68(a), (b), and (c) are described below. 

While the transmitted data quantity is high with 8-level 
VSB, it also has ayhigher error rate than 4-level VSB for the 
same C/N value/However, in high image quality HDTV 
transmissions, the available transmission capacity makes it 
possible to apply more error correction coding, and the error 
rate can thus he reduced. This band capacity also enable 
multi-level (hierarchical) television broadcasts and other 
new features in the future. 

The relative efFects of 4-level, 8-levcl, and 16-level VSB 
arc described below. 

In ground station broadcasts using the NTSC or PAL 
frequency oand, the usable transmission band is effectively 
limited to /approximately 5 MHz because of the 6-MHz 
frcquencyjlimit of the NTSC format, for example, as shown 
in FIG. 136. With 4-level VSB, the effective data transmis- 
sion quantity is 5 MHzx4=20 Mbps because the frequency 
utilization efficiency is 4 bits/Hz. A minimum of 15 
Mbps-*8 Mbps is required, however, for digital HDTV 
signal transmission. Because there is no spare capacity with 
4-level VSB, the redundancy used for error correction is 
only fO-20% of the HDTV effective transmission quantity 
as shown in the comparison chart in FIG. 169. 

With 8-lcvcI VSB, the effective data transmission quantity 
is 5/MHzx6=30 Mbps because the frequency utilization 
efficiency is 5 bits/Hz. While 15 Mbps-18 Mbps is required 
for Migital HDTV signal transmission as described above, 
when using 8-level VSB modulation, more than 50% of the 
actual HDTV signal transmission quantity can be used for 
error correction coding as shown in FIG. 169. As shown by 
error rate curves 805 and 806 in FIG. 161, the error rate 
relative to the same C/N value in the transmission system is 
lis with TCM 8-levcl VSB than with 4-level VSB, even 
tftrough error correction code gain is greater with 8-level 
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VSB than with 4-level VSB, because significantly more 
error correction coding can be added with 8-leveiyySB 
during ground station broadcasting of samc-data-rate HDTV 
digital signals using the 6-MHz band. As a result, yft-level 
VSB with high code gain error correction coding also has the 
effect of enabling a larger service area for ground station 
HDTV broadcasts than does 4-level VSB. While the 
increased size of the error correction circuits required with 
8 -level VSB does increase the complexity oy the receiver 
circuitry, the circuit scale of the equalizer in At receiver is 
significantly smaller than that of received using QAM 
modulation, which contains a phase component, because 
VSB and ASK are amplitude modulation methods.. As a 
result, an 8-levcl VSB circuit board containing the error 
correction circuit is smaller than an ^Equivalent 32-level 
QAM board with the same transmission capacity. 

A digital HDTV receiver with an appropriate circuit scale 
and a large ground station broadcasting service area can 
therefore be achieved using 8-level X^SB. 

Note that the ECC 744a and trellis encoder 7446 in the 
transmitter and receiver block diagrams of FIG. 84 for the 
present embodiment, FIGS. 131( 137, 156, and 157 for 
embodiment 6, and FIG. 144 for/embodiment 9 are used as 
examples of the specific error correction method, and the 4-, 
8-, and 16-level VSB modulator 749 described with refer- 
ence to FIG. 61 are used for transmission. The VSB 
demodulator 760 described with reference to FIG. 63 is used 
in the receiver to generate Ahe digital reception data by 
means of the 4-, 8% and 16-lavcl level sheer 757 from the 4- f 
8-, and 16-level VSB signal/After error correction by means 
of the trellis decoder 7596 ahd ECC decoder 759a, described 
below with reference to FIG. 84 for the present embodiment, 
and FIGS. 131, 137, 15fi, and 157 for embodiment 6, a 
digital HDTV signal is generated by the image expander of 
the image decoder 402, and the digital HDTV signal is then 
output. / 

As shown in FIGS. HSO(a) and (6) described below with 
the sixth embodiment, the ECC encoder 744a uses a Reed- 
Solomon encoder 744^ and intcrleaver 744£, and uses a 
deinterleaver 759* and Recd-Soloraon decoder 759/ for the 
ECC decoder 759a. Applying interleaving as described in 
the previous embodiment improves resistance to transmis- 
sion system noise sUch as burst error. 

Code gain can be further increased and the error rate 
decreased by using a trellis encoder as shown in FIGS. 
128(a), (6), (c), {ep, to, and (/). A ratio 2/3 trellis encoder 
744a and decodef 159b as shown in FIG. 172 are most 
appropriate with|8-levcl VSB because of 3 bits/symbol 
coding. The data/quantity is compressed 2/3 in this case. 

The embodimfents have been described using primarily 
the example of a multilevel (hierarchical) digital television 
signal. While afi ideal broadcasting format can be achieved 
using a multilevel signal, the image compression circuit and 
modulator/demodulator circuits become more complex, and 
are therefore pot preferable due to cost for the start of new 
broadcasting services. As described at the beginning of the 
fifth embodiment, a broadcasting system with a simple . 
television circuit can be achieved by using a signal-signal 
interval L^Lq, i.e., an equal interval, in the 4-level VSB and 
8-level VSBsignals and a non-multilevel television trans- 
mission, ai(d by simplifying the circuit shown in FIG. 137 as 
shown in/FIG. 157. Once the HDTV format is in common 
use, it is/then possible to change to a hierarchical 8-level 
VSB transmission format. 

Four/ and 8-level VSB have been described above, and 
16- and 32-lcvel VSB are described below with reference to 
FIGS./159(aMfc). FIG. 159(a) shows the 16-level VSB 
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constellation. As shown in FIG. 159(6). the signal between 
two signal points is grouped into eight groups llla-lilh, 
which are treated as eight signal points and can -be treated as 
8 -level VSB signals to enable a two-stage multilevel /trans- 
mission. In this case, multilevel transmission can be 
achieves with time division multiplexing even when inter- 
mittently transmitting an 8-levcl VSB signal. The maximum 
data rate with this method is ¥}. In FIG. 157(c), the data is 
further grouped into four groups 723a-723<f. wffich can be 
handled as 4-level VSB signals adding one more level to the 
hierarchy. While the maximum data rate drop with time 
division multiplex transmission of 4-level /VSB signals, 
multilevel transmission is possible with 3-sUge multilevel 
VSB transmission. / 

With this method, a multilevel transmission whereby 
8-level VSB or 4-level VSB data can be/reproduced when 
the C/N ratio of the 16-lcvcl VSB data deteriorates can be 
achieved. By doubling the signal points of the 16- level V§B 
formal as shown in FIG. 159(d). ^ C ^M VSB transmission 
is enabled. When 16-Ievel VSB capacity is increased in the 
future, this method will maintain compatibility while mak- 
ing it possible to obtain a 6-bit/syrapoI data capacity. 

By summarizing the above, the VSB receiver shown in 
the block diagram of FIG. 161 ahd the VSB transmitter 
shown in the block diagram of Flu. 162 can be achieved. 

While 4-level VSB and 8-level VSB are used by way of 
example above, 16-leveI VSB as4hown in FIGS. 159(aMe) 
can also be used for transmts/ion. With 16-lcvcl VSB, a 
40-Mbps transmission capacit* can be used with a 6-MHz 
band in ground station broadcasting. Because the data rate of 
the HDTV digital compression signal is 15-18 Mbps using 
the MPEG standard, there is excessive reserve in the trans- 
mission capacity. As showA in FIG. 169, redundancy R^ 
100% or greater; redundancy is therefore too great for 
transmitting one channel ifligital HDTV, and the circuitry is 
simply made more compjfcx with little additional advantage 
gained over 8-lcvel VSB. In addition, 16-leveI VSB redun- 
dancy is only about 10ft, the same as 4-levcl VSB redun- 
dancy, in ground station HDTV broadcasting of two pro- 
grams with 16-lcvcl VSB. As a result, the service area is 
reduced because sufficient error correction coding cannot be 
applied with two-program 16-level VSB. As described 
before, sufficient error correction cannot be applied with 
4-level VSB because the redundancy R 4 =10-20ft and the 
service area is limited. As will be known from FIG. 169, 
sufficient error correction coding can be achieved with 
8-level VSB because the redundancy R 8 =50ft. A broad 
service area can also be achieved without significantly 

FIG. 84 will now be explained in more detail. FIG. 174 is 
a block diagram* showing a circuitry arrangement of QAM/ 
VSB compatible modulator for multi-level transmission 
according to Embodiment 5. The input 742 comprises a first 
data stream 743 and a second data stream 744 which are 
combined by/a processor 745 and then code allocated to 
I-channcl and Q-channel by an I/Q mapping 1000 prior to 
quadrature rhodulation. For the VSB modulation, the I/Q 
mapping 1000 delivers data on one or I-axis of the two 
channels while the I and Q channels are the same in the 
level. For /the QAM modulation, the code assignment is 
executed according to the constellation diagram. Resultant 
mapped signal outputs of the I/Q mapping 1000 are trans- 
mitted to' two FIR filters 1001 and 1002 where they are 
weighted/ with roll-off characteristics before being supplied 
to DC bffsets 1003 and 1004 respectively. In the VSB 
system, [he up coefficient values of the FIR filters 1001 and 
1002 are determined so that two filter outputs are orthogonal 
to each/other. More particularly, a pair of equal input data 
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streams arc convened by ihe FIR fillers 1001 and 1002 to 
two discrete code forms which are plotted in orthogonal 
relationship to each other in the coordinate. Also, in the/vSB 
system, a portion of the carrier is allowed to pass throi/gh for 
ease of reproduction at the receiver side. This is done at the 
DC offsets 1003 and 1004. The tap coefficients o/the FIR 
filters 1001 and 1002 are selected with a VSB/QAM selector 
1009 for determining the type of modulation/ A control 
output of the QAM/VSB selector 1009 actuates^ coefficient 
generator 1008 for producing and delivering/given coeffi- 
cients to the two FIR filters 1001 and 1002. Two outputs of 
the DC offsets 1003 and 1004 are fed to a data selector 1005 
where their I/Q components are alternately selected to 
produce a VSB or QAM modulated signal. The resultant 
digital modulated signal of the data selector 1005 is con- 
vened by a D/A converter to its analog form which is further 
transmitted from an output 748. The action of the data 
selector 1005 is controlled by a four-time symbol frequency 
clock produced and supplied from J clock generator 1007. 

As explained, the foregoing/ compatible hardware 
arrangement is capable of producing both QAM and VSB 
modulated signals by selectively determining the coefficient 
values of the coefficient generator 1008. 

FIG. 175 is a block diagram showing another circuitry 
arrangement of the QAM/VSB modulator for multi-level 
transmission according to Embodiment 5. Two. first and 
second, data streams arc mumplcxcd by a processor 745 and 
code allocated by an I/Q /napping 1000 to the I and Q 
coordinates. Resultant two/l and Q, channel data outputs of 
the I/Q mapping 1000 are transferred to an I/Q selector 1010 
where one of the I and Q signals is selected using a four-time 
symbol frequency clock produced and supplied from a clock 
generator 1007. The selected channel modulated signal is 
waveform shaped by an FIR filter 1011, digital-to-analog 
converted by a D/A converter 1012, and further transmitted 
through an output 748. 

In this arrangement, the filter circuit is simple as uniaxial 
although the filter processing speed has to be increased to 
two times that of rife previous arrangement. 

FIG. 176 illustrates a third modification of the QAM/VSB 
modulator of Embodiment 5. Two, first and second, data 
streams are multiplexed by a processor 745 and transferred 
to an I/Q mapping 1000. 1 and Q channel signals plotted to 
their respective/code points by the I/Q mapping 1000 are 
subjected to VSB orthogonal impulse response processing of 
two FIR filters 1020 and 1027 and transmitted to two 
multipliers 1020 and 1021 respectively. The multipliers 
1020 and 1021 are loaded with different waveform data 
determined by a cos table 1024 and a sin table 1023 
respectively/ to which a quasi -carrier is supplied from a 
counter 1025. Accordingly, the I and Q channel signals are 
multiplied/with the cos and sin signals respectively at their 
respective/multipliers 1020 and 1021. Two modulated out- 
puts of the multipliers 1020 and 1021 are fed to an adder 
1022 where their I and Q data are combined. A resultant 
composite signal is then converted by a D/A converter 1006 
to its analog form which is further delivered from an output 
748. / 

In the third modification, the carrier frequency of the 
analog modulated signal can be changed by varying the 
counting interval of the counter 1025. 

FIG. 177 is a block diagram showing a Trellis decoder in 
the cemodulator. Tne Trellis encoder 7596 explained with 
Fid 84 may change the coding grain according to the level 
of inc transmitter side and the conditions of a transmission 
line. Hence, a corresponding Trellis decoder is needed in the 
receiver side. 
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The performance of the Trellis decoder depends on how 
a code path is determined through interna] calculation And 
should be associated with some path memories. ' / 

The results of calculation with the Trellis decoder denoted 
by 1030 are stored in a given number of path memories, 
generally 1032, 1033, and 1034, merged in a path memory 
group 1031. The number. of the results is preliminarily 
determined from the needs at the receiver side, depending on 
e.g. the transmission channel basis or the broadcasting 
system of a type. For the purpose, an address control signal 
is supplied to a memory address generator 1035 which in 
turn addresses a corresponding one of the pathr memories to 
select a code path. / 

This arrangement allows the single Trellis decoder 1030 
associated with the plural memories to perform multiple 
characteristics as acting as a number of me/Trellis decoders. 
Thus, demodulator will be reduced in tne hardware con- 
struction as compared with a conventional circuit arrange- 
ment where a plurality of the Trellis deciders are coupled in 
parallel for selective use. / 

FIG. 178 is a block diagram of a re/civcr for interception 
of VSB multi-level transmitted signals emitted in the air. It 
is also essential for digital broadcasting service to eliminate 
any signal interference which is cdmmon in the convential 
analog broadcasting systems. / 

For elimination of such an interference, notch filters have 
been used with optimum success/ However, any fixed notch 
filter can hardly conduct a frequency offset signal used in the 
conventional analog broadca/ting system. The receiver 
shown, in FIG. 178 offers an/improvement An analog or 
digital signal from an antenna/32^ is selectively received by 
a tuner 752 and data extracted by an I/Q detector 1040. 
During the detection, a frequency error correction signal is 
produced by an AFC detector 1043 from orthogonal data and 
fed back to the tuner 752. The AFC detector 1043 is adapted 
to vary the feedback of ths frequency error correction signal 
using an external control. The interference by an analog 
signal in a detected signal is examined by an interference 
detector 1041 where it it compared with stored interference 
patterns for identification. If the intercepted digital signal 
carries a cochannel interference by an analog signal, it is 
subjected to a notch filter characteristic action of an NTSC 
rejection filter 1042./lf not, the digital signal is directly 
passed without the rejecting action of the filter 1042. When 
the interference detector 1041 has found an increase of the 
interference in the/intercepted signal resulting from the 
frequency offset at/the transmitter side, it causes a carrier 
offset detector 1044 to produce and transmit a command 
signal via the AyC detector 1043 to the tuner 752 for 
changing its local oscillation frequency. As the result, the 
interference levelfrneasured at the interference detector 1041 
is decreased to /a point which represents the optimum 
receiving level of the receiver. An output signal of the NTSC 
rejection filter 1042 is then fed to an equalizer 1045 where 
its ghost component of removed. In addition, a BER (bit 
error ratio) counter 1048 is provided for detecting remaining 
errors in the equalized signal and if so, the signal is fed back 
for optimizing the signal interception in relation to the 
frequency offset. Finally, the equalized signal from the 
equalizer lOflS is transferred to a rotator 1046 for carrier 
reproduction and then to a decision 1047 for reproduction of 
data from tne corresponding code points. 

FIG. 179 illustrates another arrangement of the QAM/ 
VSB compatible receiver. 

lntcrcepled broadcasting waveforms including QAM and 
VSB signals are fed to a tuner 1050. After tuning, an 
intermediate frequency signal of the selected waveform is 
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band rejected by a filter (SAW) 1051 and coavcrtcd by ah 
analog converter 1052 to an A/D converter enable frequency. 
When the selected waveform is a VSB signal, it is subjected 
to uniaxial detection and AFC detection of a VSB detector 
1054. An A/D converter 1053 digitizes a QAM modulated 
signal directly and a baseband signal extracted from the VSB 
signal. / 

When the digitized signal is a QAM signal, it is Subjected 
to digital AFC action of an AFC 1055, VQ datarfconstruc- 
tion of a QAM detector 1056, and waveform sjtaping of a 
roll-off filter 1057. The waveform shaped signal is then 
transmitted to a waveform equalizer 1059 for removal of 
unwanted ghost. The output signal of the equalizer 1059 is 
phase compensated by a carrier recovery 1060 and code 
reconstructed by a decision 1061. Meanwhile, an AGC 
detector 1064 produces an AGC signal and An AFC detector 
1062 calculates a frequency change fromihe output of the 
carrier recovery 1060. / 

A code form signal of the decision 1061 is then transmit- 
ted through a deinterleaver 1065, a TreUis decoder 1066, a 
deinterleaver 1067, and a Reed-Solomon decoder 1068 and 
released after an error correction. / 

The VSB signal output of the Afp converter 10S3 is 
direcdy fed to the equalizer 1059 andythen processed in the 
same manner as for the QAM signal/ It is also subjected to 
the same error correction as the QAM signal. 

There is a clock recovery 1058 Operable with the entire 
symbols for the QAM signal. For ihe VSB signal, a clock 
reference signal of a burst form is Extracted by a gate signal 
generator from the VSB output sfenal of the VSB detector 
1054 and fed to the clock recovery 1058 for actuation of its 
PLL. J 

EMBODIMENT 6 

A sixth embodiment of the prfcsent invention is a magnetic 
recording and playback apparatus in which the above trans- 
mission and recording method/is employed. Although in the 
fifth embodiment a multiple-Uvel ASK data transmission is 
described, but it is also feasible in the same manner to adopt 
this invention in a magnetic/recording and playback appa- 
ratus of a multi-level ASK re/cording system as shown in the 
block diagram of FIG. 173./A multi-level or non-multilevel 
magnetic recording can be Realized by applying the C-CDM 
method of the present invention to PSK, FCK, and QAM, as 
well as ASK. / 

First of all, the method if realizing a multi-level recording 
in a 16 QAM or 32 QAM magnetic recording playback 
apparatus will be explained in compliance with the C-CDM 
method of the present invention. FIG. 84 is a circuit block 
diagram showing a 16 DAM 32 QAM, 4 ASK, 8 ASK, 16 
ASK, 8 PSK system/ incorporating C-CDM modulator. 
Hereinafter, a QAM/ system being multiplexed by the 
C-CDM method is teAned as SRQAM. FIGS. 137 and 154 
show block diagrami in which SRQAM is applied to the 
transmission systemVsuch as broadcast. 

AS shown in FIG/84, an input video signal, e.g. an HDTV 
signal, to a magnetic record/playback apparatus 851 is 
divided and coraprfcssed by a video encoder 401 into a low 
frequency band signal through a first video encoder 401a 
and a high frequency band signal through a second video 
encoder 401J> respectively. Then, a low frequency band 
component, e.g. H L V U of the video signal is fed to a first 
data stream inptU 743 of an input unit 742 and a high 
frequency band/component including H,/V„ is fed to a 
second data stream input 744 of the same. The two compo- 
nents arc furtheF ransferred to a modulator 749 of a modu- 
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laior/dcmodulator unii 852. The first data stream input 743 
adds an error correcting code to the low frequency band 
signal in an ECC 743a On the other hand, the second idata 
stream fed into the second data stream input 744 is 2 pk in 
case of 16 SRQAM, 3 bit in case of 36 SRQAM. anil 4 bit 
in case of 64 SRQAM. After an error correcting /ode is 
encoded by an ECC 744a, this signal is supplied to/a Trellis 
encoder 7446, such as shown in FIGS. 128(a), (jb) t (c) in 
which a Trellis encoded signal having a ratio 1/yin case of 
16 SRQAM, 2/3 in case 32 SRQAM, and 3/4 \j case of 64 
SRQAM, is produced. A 64 SRQAM signal, /or example, 
has a first data stream of 2 bit and a second data stream of 
4 bit. A Trellis encoder 7446 of FIG. 128(c)/allows this 64 
SRQAM signal to perform a Trellis encoding of ratio 3/4 
wherein 3 bit data is converted into 4 bit dtta. In the case of 
4 ASK, 8 ASK, and 1 6 ASK. the Trellis encoding at the ratio 
of 1/2, 2/3, and 4/3 can be carried our solely. Thus, redun- 
dancy increases and a data rate decreases, while error 
correcting capability increases. This results in the reduction 
of an error rate-in the same data rate. Accordingly, trans- 
mittable information amount of the recording/playback sys- 
tem or transmission system will increase substantially. 

Since the 8 VSB transmission system described above in 
connection with the fifth embodiment takes 3 bits per 
symbol, the Trellis encoder 14 fg and the Trellis decoder 
744c with the ratio 2/3 as shown in FIGS. 128(6), (e) can be 
used, and the entire block diae/am will be as shown in FIG. 
171. 7 

It is, however, possible to/constitute the first data stream 
input 743 not to include a Trellis encoder as shown in FIG. 
84 of this sixth embodiment because the first data stream has 
low error rate inherently. This will be advantageous in view 
of the simplification of circuit configuration. The second 
data stream, however, has a narrow inter-code distance as 
compared with the firsjr data stream and, therefore, has a 
worse error rate. The Trellis encoding of the second data 
stream improves such a worse error rate. It is no doubt that 
an overall circuit configuration becomes simple if the Trellis 
encoding of the first data stream is eliminated. An operation 
for modulation is almost identical to that of the transmitter 
of the fifth embodiment shown in FIG. 64 and will be not be 
explained in greater/detail. A modulated signal of the modu- 
lator 749 is fed into a recording/playback circuit 853 in 
which it is AC biased by a bias generator 856 and amplified 
by an amplifier 857a. Thereafter, the signal is fed to a 
magnetic head 854 for recording onto a magnetic tape 855. 

A format of the recorded signal is shown in a recording 
signal frequency assignment of FIG. 113. A main, e.g. 16 
SRQAM, signay859 having a carrier of frequency fc records 
information, and also a pilot f p signal 859a having a fre- 
quency 2fc is /recorded simultaneously. Distortion in the 
recording operation is lowered as a bias signal 859a having 
a frequency 2fc is recorded simultaneously. Distortion in the 
recording operation is lowered as a bias signal 859a having 
a frequency f BtAS adds AC bias for magnetic recording. Two 
of three-Ietel signals shown in FIG. 113 are recorded in 
multiple state. In order to reproduce these recorded signals, 
two thresholds Th-1-2, Th-2 are given. A signal 859 will 
reproducerall of two levels while a signal 859 will reproduce 
D, data 6nly, depending on C/N level of the recording/ 
playback/ 

A maih signal of 16 SRQAM will have a signal point 
assignment shown in FIG. 10. Furthermore, a main signal of 
36 SRQAM will have a signal point assignment shown in 
FIG. 100. When 4 ASK, 8 ASK are used, the constellation 
will bels shown in FIGS. 58, 68(a) and (a). In reproduction 
of this signal, both the main signal 859 and the pilot signal 
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859a arc reproduced through the magnetic head 854/and 
amplified by an amplifier 8576. An output signal of the 
amplifier 8576 is fed to a carrier reproduction circuit 858 in 
which a filter 858a separates the frequency of the pilo/signal 
f p having a frequency 2fD and Vi frequency divid/r 8586 
reproduces a carrier of frequency ft) to trans fey it to a 
demodulator 760. This reproduced carrier is /used to 
demodulate the main signal in the demodulator 7fi6. Assum- 
ing that a magnetic recording tape 855, e.g. HDTV tape, is 
of a high C/N rate, 16 signal points are discrirnihatable and 
thus both D, and D 2 are demodulated in the demodulator 
760. Subsequently, a video decoder 402 reproduce all the 
signals. An HDTV VCR can reproduce a high bit-rate TV 
signal such as 15 Mbps HDTV signal. The low the ON rate 
is, the cheaper the cost of a video tape is. Sdf far, a VHS tape 
in the market is inferior more than 10 dfy in C/N rate to a 
full-scale broadcast tape. If a video tape 855 is of low C/N 
rate, it will not be able to discriminate all /he 16 or 32 valued 
signal points. Therefore the first data/stream D, can be 
reproduced, while a 2 bit, 3 bit, or 4 bit data stream of the 
second data stream D 3 cannot be reproduced! Only 2 bit data 
stream of the first data stream is reproduced. If a two-level 
HDTV video signal is recorded and reproduced, a low C/N 
tape having insufficient capability kf reproducing a high 
frequency band video signal can output only a low rate low 
frequency band video signal of tne first data stream, spe- 
cifically e.g. a 7 Mbps wide NTSC TV signal. 

As shown in a block diagram it FIG. 144, a second data 
stream output 759, the second da/a stream input 744, and the 
second video decoder 402a can be eliminated in order to 
provide customers one aspect of lower grade products. In 
this case, a recording/playback apparatus 851, dedicated to 
a low bit rate, will include a modulator such as a modulated 
QPSK which modulates or demodulates the first date stream 
only. This apparatus allows only the first data stream to be 
recorded and reproduced. S specifically, a wide NTSC grade 
video signal can be recorder and reproduced. 

Above-described high C/N rate video tape 855 capable of 
recording a high bit-rate signal, e.g. HDTV signal, will be 
able to use in such a low bit-rate dedicated magnetic 
recording/playback apparatus but will reproduce the first 
data stream Dj only. TTiat is, the wide NTSC signal is 
outputted, while the second data s^eam is not reproduced. In 
other words, one recording/playback apparatus having a 
complicated configuration can reproduce a HDTV signal 
and the other recordinafplayback apparatus having a simple 
configuration can reproduce a wide NTSC signal if a given 
video tape 855 includes the same multi-level HDTV signal. 
Accordingly in case /of two-level multiple state, four com- 
binations will be realized with prefect compatibility among 
two tapes having different C/N rates and two recording/ ■ 
playback apparatus/having different recording/playback data 
rates. This will bring a remarkable effect. In this case, an 
NTSC dedicated apparatus will be simple in construction as 
compared with an HDTV dedicated apparatus. In more 
detail, a circuitry scale of ECTV decoder will be l A of that 
of HDTV decoder. Therefore, a low function apparatus can 
be realized at fairly low cost. Realization of two, HDTV and 
EDTV, types recording/playback apparatus having different 
recording/reproducing capability of picture quality will pro- 
vide various type products ranging in a wide price range. 
Users can freely select a tape among a plurality of tapes from 
an expensive high C/N rate tape to a cheaper low C/N rate 
tape, as occasion demands so as to satisfy required picture 
quality. Not only maintaining perfect compatibility but 
obtaining expandable capability will be attained and further 
compatibility with a future system will be ensured. Conse- 
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qucntly, it will be possible to establish long-lasting standards 
for recording/playback apparatus. Other recording methods 
will be used in the same manner. For example, a multilevel 
recording will be realized by use of phase modulation 
explained in the first and third embodiments. A recording 
using ASK explained in the fifth embodiment will also be 
possible. A two or three multi-level state will be realized by 
converting present recording from two-level to/four-level 
ASK or to eight-level ASK and dividing into two group as 
shown in FIGS. 59(c) and 59(d) or in FIGS. 68C&) and 68(5). 

A circuit block diagram for ASK will be asAown in FIG. 
173 which is similar to that disclosed in EfG. 84. By the 
combination of Trellis and ASK, the error rate will be 
reduced. Besides embodiments already described, a multi- 
level recording will be also realized by use/of multiple tracks 
on a magnetic type. Furthermore, a theoretical multi-level 
recording will feasible by differemiaun&Mie error correcting 
capability so as to discriminate respective data. 

Compatibility with future standards will be described 
below. A setting of standards for rec/rdtng/playbaclc appa- 
ratus such as VCR is normally done by taking account of the 
most highest C/N rate tape available? in practice. The record- 
ing characteristics of a tape progre/ses rapidly. For example, 
the C/N rare has been improved more than 10 dB compared 
with the tape used 10 years ago. If supposed that new 
standards will be established after 10 to 20 years due to an 
advancement of tape property/a conventional method will 
encounter with difficulty in maintaining compatibility with 
older standards. New and old standards, in fact, used to be 
one-way compatible or non^compatible with each other. On 
the contrary, in accordance/ with the present invention, the 
standards are first of all established for recording and/or 
reproducing the first data/stream and/or second data stream 
on present day tapes. Subsequently, if the C/N rate is 
improved magnificently in future, an upper level data 
stream, e.g. a third data stream, will be added without any 
difficulty as long as the present inventions incorporated in 
the system. For example, a super HDTV VCR capable of 
recording or reproducing three-level 64 SRQAM or 8 ASK 
will be realized whilemaintaining perfect compatibility with 
the conventional standards. A magnetic tape, recording first 
to third da:a streams in compliance with new standards, will 
be able to use, of xourse, in the older two-level magnetic 
recording/playbacjt apparatus capable of recording and/or 
reproducing only /first and second data streams. In this case, 
first and second idata streams can be reproduced perfecdy 
although the third data stream is left non-reproduced. There- 
fore, an HDTV signal can be reproduced. For these reasons, 
the merit of expanding recording data amount while main- 
taining compatibility between new and old standards is 
expected- / 

Returning /to the explanation of reproducing operation of 
FIG. 84, the/magneuc head 854 and the magnetic reproduc- 
tion circuit /853 reproduce a reproducing signal from the 
magnetic tape 855 and feeds it to the modulation/demodu- 
lation circp 852. The demodulating operation is almost 
identical )£;th that of first, third, and fourth embodiments 
and will /r.o further be explained. The demodulator 760 
reproduces the first and second data stream Dj and D 2 . The 
second data stream D 2 is error corrected with high code gain 
in a Trellis-decoder 759b such as a Vitabi decoder, so as to 
be low /error rate. The video decoder 402 demodulates D t 
and D J signals to output an HDTV video signal. 

FIGj 131 is a block diagram showing *a three-level mag- 
netic recording/playback apparatus in accordance with the 
present invention which includes one theoretical level in 
addition to two physical levels. This system is substantially 
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the same as that of FIG. 84. The difference is that the first 
data stream is further divided into two subchannels by use of 
a TDM in order to realize a three-level constitution. / 

As shown in FIG. 131, an HDTV signal is separated first 
of all into two, medium and low frequency banc/ video 
signals D,., and D 10 , through a 1-1 video encoder 401c and 
a 1-2 video encoder 4014 and, thereafter, fed into a/Erst data 
stream input 743 of an input section 742. The data stream 
D,l, having a picture quality of MPEG grade is error 
correcting coded with high code gain in an ECCcoder 743a, 
while the data stream D,. 2 is error correcting coded with 
normal code gain in an ECC encoder 7435. X)J X and D,. 2 are 
time multiplexed together in a TDM 743c Jo be one data 
stream Dl. D t and D 2 are modulated into two-level signals 
in a C-CDM 749 and then recorded on the magnetic tape 855 
through the magnetic head 854. / 

In playback operation, a recording /signal reproduced 
through the magnetic head 854 is demodulated into Dj and 
D 2 by the C-CDM demodulator 760 in/the same manner as 
in the explanation of FIG. 84. The first data stream D x is 
demodulated into two, D lst and D^J subchannels through 
the TDM 758c provided in the first {fata stream output 758. 
D to data is error corrected in an EGC decoder 758a having 
high code gain. Therefore, D,. t dap can be demodulated at 
a lower ON rate as compared wiw Dj. 2 data. A 1-1 video 
decoder 402a decodes the D,., data and outputs an LDTV 
signal. On the other hand, D x . 2 data is error corrected in an 
ECC decoder 75 Sb having normal code gain. Therefore, 
D t _ 2 data has a threshold value of high C/N rate compared 
with D,., data and thus will mot be demodulated when a 
signal level is not large. D^-Joata is then demodulated in a 
1-2 video decoder 4 02a* and summed with D,.] data to 
output an EDTV signal of wide NTSC grade. 

The second data stream A) 2 is Vitabi demodulated in a 
Trellis decoder 759b and error corrected at an ECC decoder 
7 59a. Thereafter, D 2 data is converted into a high frequency 
band video signal through^ second video decoder 402a and, 
then, summed with D,., and D,. 2 data to output an HDTV 
signal. In this case, a threshold value of the C/N rate of D 2 
data is set larger than/ that of C/N rate of D,. 2 data. 
Accordingly, D^, dataAe. an LDTV signal, will be repro- 
duced from a tape 855/having a smaller C/N rate. D lsl and 
Di_ 2 data, i.e. an EDTV signal, will be reproduced from a 
tape 855 having a normal C/N rate. And, D,.,, D,. 2 , and D 2 , 
i.e. an HDTV signal/ wiU be reproduced from a tape 855 
having a high C/N rate. 

Three-level magnetic recording/playback apparatus can 
be realized in this /manner. As described in the foregoing 
description, the tape 855 has an interrelation between C/N 
rate and cost. The present invention allows users to select a 
grade of tape in accordance with a content of TV program 
they want to record because video signals having picture 
qualities of three/grades are recorded and/or reproduced in 
accordance with/tape cost. 

Next, an effect of multi-level recording will be described 
with respect to fast feed playback. As shown in a recording 
track diagram of FIG. 132. a recording track 855a having an 
azimuth angle' A and a recording track 8556 having an 
opposite azimuth angle B are alternately arrayed on the 
magnetic tape j855. The recording track 855a has a recording 
region 855c at its central portion and the remainder as D 1<2 
recording regions 855o\ as denoted in the drawing. This 
unique recording pattern is provided on at least one of 
several recortling tracks. The recording region 855c records 
one frame of jLDTV signal. A high frequency band signal D 2 
is recorded qn a D 2 recording region 855e corresponding to 
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an entire recording region of the recording track 855a/ This 
recording format causes no novel effect against a normal 
speed recording/playback operation. / 

A fast feed reproduction in a reverse dircction/aoes not 
allow a magnetic head trace 855/having an azimuth angle A 
to coincide with the magnetic track as shown in tne drawing. 
As the present invention provides the D l . l reco/ding region 
8 55c at a central narrow region of (he magnetic tape as 
shown in FIG. 132, this region only is surely reproduced 
although it occurs at a predetermined probability. Thus 
reproduced Dj., signal can demodulate an entire picture 
plane of the same time although its picture quality is an 
LDTV of MPEG1 level. In this manneryScveral to several 
tens LDTV signals per second can bt reproduced with 
perfect picture images during the fast fifed playback opera- 
tion, thereby enabling users to surely confirm picture images 
during the fast feed operation. / 

A head trace 855$ corresponds tp a head trace in the 
reverse playback operation, from which it is understood only 
a pan of the magnetic track is traced in the reverse playback 
operation. The recording/playbacH format shown in FIG. 
132 however allows, even in such a reverse playback 
operation, to reproduce D 1>t recoming region and, therefore, 
an animation of LDTV grade isioutputtcd intermittently. 

Accordingly, the present invention makes it possible to 
record a picture image of LDTV grade within a narrow 
region on the recording trackywhich results in intermittent 
reproduction of almost perfect still pictures with picture 
quality of LDTV grade during normal and reverse fast feed 
playback operations. Thus, /the users can easily confirm 
picture images even in high-speed scaching. 

Next, another method will be described to respond a 
higher speed fast feed playback operation. AD,., recording 
region 855c is provided asjshown at lower right of FIG. 132, 
so that one frame of LDTV signal is recorded thereon. 
Furthermore, a narrow u) l .i-D 2 recording region SSSh is 
provided at a part of the D,., recording region 855c. A 
subchannel D lu in this region records a part of information 
relating to the one framt of LDTV signal. The remainder of 
the LDTV information is recorded on the D 2 recording 
region 855/ of the D' M -D 2 recording region SSSh in a 
duplicated manner. The subchannel D 2 has a data recording 
capacity 3 to 5 times as much as the subchannel D M . 
There fori, subchannels D M and D 2 can record one frame 
information of LDT^ signal on a smaller, \ftvtfS, area of 
the recording tape. £s the head trace can be recorded in a 
further narrower regions 855/i, 855;, both time and area are 
decreased into M&5 as compared with a head trace time 
T S1 . Even if the irate of head is further inclined by increas- 
ing fas: feed speed amount, the probability of entirely 
tracing this region will be increased. Accordingly, perfect 
LDTV picture images will be intermittently reproduced even 
if the fast feed speed is increased up to 3 to 5 times as fast 
as the case of the subchannel D,., only. 

In case of a two-level VCR, this method is useless in 
reproducing the D 2 recording region 855/ and therefore this 
region will not/ be reproduced in a high-speed fast feed 
playback operation. On the other hand, a three-level high 
performance yCR will allow users to confirm a picture 
image even if a fast feed playback operation is executed at 
a faster, 3 to 5 limes as fast as two-level VCR, speed. In other 
words, not only excellent picture quality is obtained in 
accordance with the cost but a maximum fast feed speed 
capable of reproducing picture images can be increased in 
accordance with the cost. 

Although this embodiment utilizes a multi-level modula- 
tion system, it is needless to say that a normal, e.g. 16 QAM, 
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modulation system can also be adopted to realize the fa/t 
feed playback operation in accordance with the present 
invention as long as an encoding of picture images \A of 
multiple type. / 

A recording method of a conventional non-multiple digi- 
tal VCR, in which picture images arc highly compressed, 
disperses video data uniformly. Therefore, it was not pos- 
sible in a fast feed playback operation to reproduce all the 
picture images on a picture plane of the same kmc. The 
picture reproduced was the one consisting of a plurality of 
picture image blocks having non-coincident tima bases. The 
present invention, however, provides a multi-level HDTV 
VCR which can reproduce picture image blocks having 
coincided time bases on a picture plane during a fast feed 
playback operation although its picture quality is of LDTV 
grade. / 

The three-level recording in accordance/with the present 
invention will be able to reproduce a high resolution TV 
signal such as HDTV signal when the jecording/playback 
system has a high ON rate. Meanwhile, a TV signal of 
EDTV grade, e.g. a wide NTSC signa/ or a TV signal of 
LDTV grade, e.g. a low resolution NTSC signal, will be 
outputted when the recording/playback system has a low 
ON rale or poor function. / 

As is described in the foregoing description, the magnetic 
recording/playback apparatus in accordance with the present 
invention can reproduce picture images consisting of the 
same content even if ON rate isAow or error rate is high, 
although the resolution or the picture quality is relatively 
low. / 

ENIBODIMENT 7 

A seventh embodiment of pe present invention will be 
described for execution of four-level video signal transmis- 
sion. A combination of the four-level signal transmission and 
the four-level video data construction will create a four-level 
signal service area as shown in FIG. 91. The four-level 
service area is consisted off from innermost, a first 890a, a 
second 890&, a third 890c, And a fourth signal receiving area 
890a\ The method of developing such a four-level service 
area will be explained in/more detail. 

The four-level arrangement can be implemented by using 
four physically different levels determined through modu- 
lation or four logic levels defined by data discrimination in 
the error correction capability. The former provides a large 
difference in the ON rate between two adjacent levels and 
the ON rate has to be/increased to discriminate all the four 
levels from each othejr. The latter is based on the action of 
demodulation and a difference in the ON rate between two 
adjacent levels should stay at minimum. Hence, the four- 
level arrangement is best constructed using a combination of 
two physical levels and two logic levels. Tne division of a 
video signal into fdur signal levels will be explained. 

FIG. 93 is a block diagram of a divider circuit 3 which 
comprises a video/divider 895 and four compressors 405a, 
4056, 405c, and 4054. The video divider 895 contains three 
dividers 404a, 404o, and 404c which are arranged identical 
to the divider circuit 404 of the first video encoder 401 
shown in FIG. SO and will be not be explained in greater 
detail. An input Video signal is divided by the dividers into 
four components, H £ V L of low resolution data, of 
high resolution/ data, and H L V H and H„V L for medium 
resolution data./The resolution of H r V £ is a half that of the 
original input signal. 

The input video signal is first divided by the divider 4 04a 
into two, high/ and low, frequency band components, each 
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component being divided into two. horizontal and vcrtid 
segments. The intermediate between the high and low /fre- 
quency ranges is a dividing point according to the embodi- 
ment. Hence, if the input video signal is an HDTV signal of 
1000 line vertical resolution, H L V L has a vertical resolution 
of 500 lines and a horizontal resolution of a half value. 

Each of two, horizontal and vertical, data of ihe low 
frequency component HjV L is further divided by thfedivider 
404c into two frequency band segments. Hence/an H £ V L 
segment output is 250 lines in the vertical resolution and W 
of the original horizontal resolution. This output of the 
divider 404c which is termed as an LL signal is then 
compressed by the compressor 405a to a DJ t signal. 

The other three higher frequency segments of H^V^ are 
mixed by a mixer 772c to an LH signal which is then 
compressed by the compressor 4056 to a/D,. 2 signal. The 
compressor 4056 may be replaced by Aree compressors 
provided between the divider 404c and/the mixer 772c/ 

H^V^, H^V^, and H^V^ form the divider 404a arc mixed 
by a mixer 772a to an H^V^H signa/ If the input signal is 
as high as 1000 lines in both horizontal and vertical reso- 
lution, H^V^H has 500 to 1000 lints of a horizontal and a 
vertical resolution. H^V^H is fed to the divider 4046 where 
it is divided again into four components. 

Similarly, H^V^ from the divider 4046 has 500 to 750 
lines of a horizontal and a vertical resolution and transferred 
as an signal to the compressor 405c. The other three 
components, H L V H . H^V^, and H^V,,. from the divider 
4046 have 750 to 1000 lines M a horizontal and a vertical 
resolution and are mixed by /a mixer 7726 to an HH signal 
which is then compressed /by the compressor 405a* and 
delivered as a D 202 signal. After compression, the HL signal 
is delivered as a D 2 ., signal. As the result, LL or D |vl carries 
a frequency data of 0 to/250 lines, LH or D t . 2 carries a 
frequency data from more than 250 lines up to 500 lines, HL 
or D 3 .| carries a frequency data of more than 500 lines up 
to 750 lines, and HH or D 2 . 2 carries a frequency data of more 
than 750 lines to 1000 lines so that the divider circuit 3 can 
provide a four-level signal. Accordingly, when the divider 
circuit 3 of the transmitter 1 shown in FIG. 87 is replaced by 
the divider circuit off FIG. 93, the transmission of a four- 
level signal will be implemented. 

The combination of multi-level data and multi-level trans- 
mission allows a video signal to be at steps declined in the 
picture quality in proportion to the C/N rate during trans- 
mission, thus contributing to the enlargement of the TV 
broadcast service/area. At the receiving side, the action of 
demodulation ana reconstruction is identical to that of the 
second receiver of the second embodiment shown in FIG. 88 
and will not be explained in greater detail. In particular, the 
mixer 37 is modified for video signal transmission rather 
than data communications and will now be explained in 
more detail. | 

As described in the second embodiment, a received signa] 
after demodulated and error corrected, is fed as a set of four 
components f),. lf D,. 2 , D 2 .,, and D 2 . 2 to the mixer 37 of the 
second receiver 33 of FIG. 88. 

FIG. 94 as a block diagram of a modified mixer 33 in 
which D^i, Dj.j. D 2 .,, and D 2 . 2 are explained by then- 
respective expanders 523a, 5236, 523c, and 523o* to an LL, 
and LH, an HL, and an HH signal respectively which are 
equivalent to those described with FIG. 93. If the bandwidth 
of the input signal is 1, LL has a bandwidth of V* $ LL+LH 
has a bandwidth of Vj. LL+LH+HL has a bandwidth of ■ 
and LL+LH+HL+HH has a bandwidth of I. The LH signal 
is then divided by a divider 531a and mixed by a video mixer 
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548a with the LL signal. An output of the video mixer 548a 
is transferred to an H C V L terminal of a video mixer £4$c. 
The video mixer 531a is identical to that of the /econd 
decoder 527 of FIG. 32 and will not be explained ir/greater 
detail. Also, the HH signal is divided by a divider plb and 
fed to a video mixer 5486. At the video mixer 5486, the HH 
signal is mixed with the HL signal to an H„Vfr-H signal 
which is then divided by a divider 531c and sent/fa the video 
mixer 548c. At the video mixer 548c, H^V^Hris combined 
with the sum signal of LH and UL to a video output The 
video output of the mixer 33 is then transfeoea to the output 
unit 36 of the second receiver shown in FIp. 88 where it is 
converted to a TV signal for delivery. If me original signal 
has 1050 lines of vertical resolution or it in HDTV signal of 
about 1000 -line resolution, its four dufereat signal level 
components can be intercepted in their respective signal 
receiving areas shown in FIG. 91. / 

The picture quality of the four different components will 
be described in more detail. The illustration of FIG. 92 
represents a combination of FIGS/86 and 91. As apparent, 
when the C/N rate increases, the overall signal level of 
amount of data is increased from 8624 to 862a by steps of 
four signal levels D w , D 4 . a( D/.,. Dj,,. 

Also, as shown in FIG. 95, the four different level 
components LL V LH, HL, and HH are accumulated in 
proportion to the ON rate. More specifically, the quality of 
a reproduced picture will benncreased as the distance from 
a transmitter antenna becomes small. When L=Ld, LL 
component is reproduced.AVhen L=Lc, LL+LH signal is 
reproduced. When L=Lb, LL+LH+HL signal is reproduced. 
When L=La, LL+LH+Hli-HH signal is reproduced. As the 
result, if the bandwidth off the original signal is 1, the picture 
quality is enhanced at 14 increments of bandwidth from X A to 
1 depending on the receiving area. If the original signal is an 
HDTV of 1000-line vertical resolution, a reproduced TV 
signal is 2S0, 50 0, 750, and 1000 lines in the resolution at 
their respective receiving areas. The picture quality will thus 
be varied at steps depending on the level of a signal. FIG. 96 
shows the signal propagation of a conventional digital 
HDTV signal transmission system, in which no signal 
reproduction will be/possible when the C/N rate is less than 
V0. Also, signal interception will hardly be guaranteed at 
signal interference regions, shadow regions, and other signal 
attenuating regions/, denoted by the symbol x, of the service 
area. FIG. 97 shoWs the signal propagation of an HDTV 
signal transmission system of the present invention. As 
shown, the picture quality will be a full 1000-lioe grade at 
the distance La/ where ON=a, a 750-line grade at the 
distance Lb where C/N=b, a 500-line grade at the distance 
Lc where CVN=jC, and a 250-linc grade are the distance Ld 
where C/N=d. /Within the distance La, there are shown 
unfavorable regions where the ON rate drops sharply and no 
HDTV quality/ picture will be reproduced. As understood, a 
lower picture .quality signal can however be intercepted and 
reproduced according to the multi-level signal transmission 
system of ttye present invention. For example, the picture 
quality will/be a 750-line grade at the point B in a building 
shadow area, a 250-line grade at the point D in a running 
train, a 75CMinc grade at the point F is a ghost developing 
area, a 250-line grade at the point G in a running car, a 
250-line grade at the point L in a neighbor signal interfer- 
ence areaJAs set forth above, the signal transmission system 
of the present invention allows a TV signal to be success- 
fully received at a grade in the area where the conventional 
system is poorly qualified, thus increasing its service area. 
FIG. 98/shown an example of simultaneous broadcasting of 
four different TV programs, in which three qualify programs 
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C, B. A are transmitted on their respective channels /u,. 2l 
D 2-p D 2-3 while a program D identical to that of local 
analogue TV station is propagated on the D,., channel. 
Accordingly, while the program D is kept avai/able at 
simulcast service, (he other three programs can/ also be 
distributed on air for offering a multiple program ^broadcast 
service. 
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EMBODIMENT 8 

Hereinafter, an eighth embodiment of the present inven- 
tion will be explained referring to the drawings. The eighth 
embodiment employs a multi-level signal transmission sys- 
tem of the present invention for a transmitftr/receiver in a 
cellular telephone system. 

FIG. 115 is a block diagram showing a transmitter/ 
receiver of a portable telephone, in which a telephone 
conversation sound inputted across a microphone 76 2 is 
compressed and coded in a compressor 405 into multi-level, 
D„ D 2 , and D 3 , data previously described. These D lv D 2 , 
and D 3 data are time divided in a time division circuit 765 
into predetermined time slots and, pien, modulated in a 
modulator 4 into a multi-level, eg. 
ously described. Thereafter, an amen 
an antenna 22 transmit a carrier wajf 
signal, which will be intercepted/ 
described and further transmitted l 
central telephone exchanger so 
other telephones. . 

On the contrary, the antenna/ 22 receives transmission 
radio waves from other base stations as communication 
signals from other telephones. A received signal is demodu- 
lated in a muUiplc-level, eg. SRQAM, type demodulator 45 
into D,, D 2 , and D 3 data. A timing circuit 767 detects timing 
signals on the basis of demodulated signals. These timing 
signals are fed into the time division circuit 765. Demodu- 
lated signals D„ D 2 , and D 3 art fed into an expander 503 and 
expanded into a sound signal, which are transmitted to a 
speaker 763 and converted into sound. 

FIG. 116 shows a block diagram excmplarily showing an 
arrangement of base stations, in which three base stations 7 
71, 772, and 773 locate at center of respective receiving cells 
768, 769, and 770 of hexagon or circle. These base stations 
771, 772, and 773 respectively has a plurality of transmitter/ 
receiver units 761a-761/ each similar to that of FIG. 115 so 
as to have data communication channels equivalent to the 
number of these transmitter/receiver units. A base station 
controller 774 is connected to all the base stations and 
always monitors a comrhunication traffic amount of each 
base station. Based on the monitoring result, the base station 
controller 774 carries out an overall system control includ- 
ing allocation of channel frequencies to respective base 
stations or control of Receiving cells of respective base 
stations. 

FIG. 117 is a view/ showing a traffic distribution of 
communication amount! in a conventional, e.g. QPSK, sys- 
tem. A diagram d=A ihows data 774a and 774J> having 
frequency utilization efficiency 2 bit/Hz, and a diagram d=B 
shows data 774c of frei juency utilization efficiency 2 bit/Hz. 
A summation of these data 774a, 7746. and 774c becomes 
a data 774o\ which rep -esents a transmission amount of Ach 
consisting of receiving cells 768 and 770. Frequency utili- 
zation efficiency of 2 1 it/Hz is uniformly distributed. How- 
ever, density of popula ion in an actual urban area is locally 
high in several crowded areas 775a, 7756, and 775c which 
includes buildings concentrated. A data 774* representing a 
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communication traffic amount shows several peaks alloca- 
tions just corresponding to these crowded areas 775a; 7756, 
and 775c, in contrast with other areas having A small 
communication amount A capacity of conventional cellular 
telephone was uniformly set to 2 bit/Hz frequency/efficiency 
at entire region as shown by the data 774 d irrespective of 
actual traffic amount TF shown by the data 774«f It is not not 
effective to give the same frequency efficiency/regardless of 
actual traffics amount. In order to compensate for this 
ineffectiveness, the conventional systems mave allocated 
many frequencies to the regions having a large traffic 
amount, increased channel number, or decreased the receiv- 
ing cells thereof. However, an increase of/channel number is 
restricted by the frequency spectrum. Furthermore, conven- 
tional multi-level; e.g. 16 QAM or 6yQAM, mode trans- 
mission systems increase transmission power. A reduction in 
the receiving cells will induce an increase in number of base 
stations, thus increasing installationycost 

It is ideal for the improvement of an overall system 
efficiency to increase the frequency efficiency of the region 
having a larger traffic amount anfi decrease the frequency ' 
efficiency of the region having a smaller traffic amount A 
multi-level signal transmission iystem in accordance with 
the present invention realizes this ideal modification. This 
will be explained with reference to FIG. 118 showing a 
communication amount & traffic distribution in accordance 
with the eighth embodiment of the present invention. 

More specifically, FIG./ 118 shows communication 
amounts of respective receijfeng cells 7705, 768, 769, 770, 
and 770a taken along a line/A — A*. The receiving cells 768 
and 770 utilize frequencies/of a channel group A, while the 
receiving cells 7705, 769, and 770a utilize frequencies of a 
channel group 8 which aocs not overlap with the cannel 
group A. The base station/ controller 774 shown in FIG. 116 
increases or decreases tha channel number of these channels 
in accordance with the traffic amount of respective receiving 
cells. In FIG. 118, a diagram d=A represents a distribution 
of a communication amount of the A channel. A diagram 
d=B represents a distribution of a communication amount of 
the B channel. A diagram d=A+B represents a distribution of 
a communication amount of all the channels. A diagram TF 
represents a communication traffic amount, and a diagram P 
shows a distribution/of buildings and population. 

The receiving ecus 768, 769, and 770 employ the multi- 
level, e.g. SRQANfl signal transmission system. Therefore, 
it is possible to obtain a frequency utilization efficiency of 6 
bit/Hz, three timeTas large as 2 bit/Hz of QPSK, in the 
vicinity of the base stations as denoted by data 776a, 7766, 
and 776c. Meanwhile, the frequency utilization efficiency 
decreases at stepsfrora 6 bit/Hz to 4 bit/Hz, and 4 bit/Hz to 
2 bit/Hz, as it does to suburban area, if the transmission 
power is insufficient, 2 bit/Hz areas become narrower than 
the receiving cells, denoted by dotted lines 777a, 777fc. and 
777c, of QPSK! However, an equivalent receiving cell will 
be easily obtained by slightly increasing the transmission 
power of the base stations. 

Transmitting/receiving operation of a mobile station 
capable of responding to a 64 SRQAM signal is carried out 
by use of modified QPSK, which is obtained by set a shift 
amount of SRQAM to S=l, at the place far from the base 
station, by ulc of 16 SRQAM at a place not so far from the 
same," and 64 SRQAM at the near place. Accordingly, the 
maximum ttosmission power does not increase as com- 
pared with QPSK. 

Furthermpre, 4 SRQAM type transmitter/receiver, whose 
circuit configuration is simplified as shown in a block 
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diagram of FIG. 121, wilt be able to communicate with omer 
telephones while maintaining compatibility. That will be the 
same in 16 SRQAM type transmitter/receiver showr/in a 
block diagram of FIG. 122. As a result, three different type 
telephones having different modulation systems will be 
provided. Small in size and light in weight is important for 
portable telephones. In this regard, the 4 SRQAM system 
having a simple circuit configuration will be suitable for the 
users who want a small and light telephone although its 
frequency utilization efficiency is low and therefore the cost 
of a call may increase. In this manner, the present invention 
system can suit a wide variety of usage. / 

As is explained above, the transmission sy/tem having a 
distribution like d=A+B of FIG. 118, whose capacity is 
locally altered, is accomplished. Therefore/ an overall fre- 
quency utilization efficiency will be much effectively 
improved if layout of base stations is determined to fit for the 
actual traffic amount denoted by TF. Especially, effect of the 
present invention will be large in a rnicro/cell system, whose 
receiving cells are smaller and therefore numerous sub base 
stations are required. Because a large/number of sub base 
stations can be easily installed at the/place having a large 
traffic amount / 
. Next, data assignment of each time slot will be explained 
referring to FIG. 119, wherein FIG. 199(a) shows a con- 
ventional time slot and FIG. 119(6) shows a time slot 
according to the eighth embodiment. The conventional sys- 
tem performs a down, i.e. from a/base station to a terminal 
station, transmission as shown in FIG. 119(a), in which a 
sync signal S is transmitted by a time slot 780a and 
transmission signals to respective terminal stations of A, B, 
C channels by time slots 7806J780c, and 7804 respectively 
at a frequency A. On the other hand, an up, i.e. from the 
mobile station to the base station, transmission is performed 
in such a manner that a sync signal S, and transmission 
signals of a, b, and c channels are transmitted by time slots 
781a, 7816, 781c, and 7814 at a frequency B. 

The present invention, which is characterized by a multi- 
level, e.g. 64 SRQAM, signal transmission system, allows to 
have three-level data consisting of D,, D 2 , and D 3 of 2 
bit/Hz as shown in FIG. 119(6). As both the A t and A 2 data 
are transmitted by 16 SRQAM, their time slots have two 
times the data rate as shown by slots 7826 and 782c and 
7836 and 783c. It means the same quality sound can be 
transmitted half the tir/ie. Accordingly, a time width of 
respective time slots 782 and 782c becomes halved. In this 
manner, two times the transmission capacity can be acquired 
at the two-level rcgion|776c shown in FIG. 118, i.e. at the 
vicinity of the base station. 

In the same way, time slots 782g and 783g carry out the 
transmission/reception of El data by use of a 64 SRQAM 
signal. As the transmission capacity is three times, one time 
slot can be used for three channels of E t , and E,. This < 
would be used for an area further close to the base station. 
Thus, up to three times the communication capacity can be 
obtained at the same/frequency band. An actual transmission 
efficiency, however, would be reduced to 90%. It is desirable 
for enhancing the c; feet of the present invention to coincide 
the transmission i mount distribution according to the 
present invention vith the regional distributution of the 
it as perfect as possible. 
In fact, an actual urban area consists of a crowded 
building district and a greenbelt zone surrounding this 
building area. Even an actual suburb area consists of a 
residential district and fields or a forest surrounding this 
residential district. These urban and suburb areas resemble 
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the distribution of the TF diagram. Thus, the application of 
the present invention will be effective. 

FIG. 120 is a diagram showing time slots by the TpMA 
method, wherein FIG. 120(a) shows a conventional method 
and FIG. 120(6) shows the present invention. The conven- 
tional method uses time slots 786a and 7866 for transmis- 
sion to portable phones of A and B channels at pie same 
frequency and time slots 787a and 787a for transmission 
from the same, as shown in FIG. 120(a). 

On the contrary, 16 SRQAM mode of the present inven- 
tion uses a time slot 788a for reception of A, cflannel and a 
time slot 788c for transmission to Al channels/ as shown in 
'FIG. 1 20(6). A width of the time slot becomes approxi- 
mately Vt In case of 64 SRQAM mode, a tLtoe slot 788/ is 
used for reception of D, channel and a time slot 7881 is used 
for transmission to D, channel A width pf the rim* slot 
becomes approximately VS. 

In order to save electric power, a transmission of E, 
channel is executed by use of a normal 4 SRQAM time slot 
788 r while reception of £1 channel is executed by use of a 
16 SRQAM time slot 788/> beiog a Vi.timfc sloL Transmission 
power is surely suppressed, although communication cost 
may increase due to a long occupation time. This will be 
effective for a small and light portable telephone equipped 
with a small battery or when the battery is almost worn out 
As is described in the foregoing description, the present 
invention makes it possible to determine the distribution of 
transmission capacity so as to coincide with an actual traffic 
distribution, thereby increasing substantial transmission 
capacity. Furthermore, the present invention allows base 
stations or terminal stations to freely select one among two 
or three transmission capacities. If the frequency utilization 
efficiency is lowered, power consumption will be decreased 
If the frequency utilization efficiency is selected higher, 
communication cost will be saved. Moreover, adoption of a 
4 SRQAM having smaller capacity will simplify the cir- 
cuitry and reduce the size and/ cost of the telephone. As 
explained in the previous embodiments, one characteristics 
of the present invention is that /compatibility is maintained 
among all of associated stations. In this manner, the present 
invention not only increase? transmission capacity but 
allows to provide customers a/ wide variety of scries from a 
super mini telephone to a high performance telephone. 



EMBODIMENT 9 

Hereinafter, a ninth embodiment of the present invention 
will be described referring to the drawings. The ninth 
embodiment employs this invention in an OFDM transmis- 
sion system. FIG. 123 is/ a block diagram of a OFDM 
transmitter/receiver, and HG. 124 is a diagram showing a 
principle of an OFDM action. An OFDM is one of FDM and 
has a better efficiency in frequency utilization as compared 
with a general FDM, because an OFDM sets adjacent two 
carriers to be quadrate with each other. Furthermore, OFDM 
can bear multipath obstructions such as ghosts and, there- 
fore, may be applied /n the future to the digital music 
broadcasting, 
triple diagram of FIG. 124, OFDM 
by a serial to parallel converter 791 
scd on a frequency axis 793 at 
to produce subchannels 794a~94e. 
y FFT converted by a modulator 4 
40 into a signal on a time axis 79~9 
ssion signal 795. This inverse FFT 



broadcasting or digital 
As shown in the pi 
converts an input sign; 
into a data being di 
intervals of 1/ts, so 
This signal is invent 
having an inverse 
to produce a transm 

signal is transmitted < uring an effective symbol period 796 
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of the time period ts. A guard interval 797 having an amount 
ig is provided between symbol periods. 

A transmitting/receiving action of HDTV signal in accor- 
dance with this ninth embodiment will be explained/refer- 
ring to the block diagram of FIG. 123, which shows aAybrid 
OFDM-CCDM system. An inputted HDTV signal Is sepa- 
rated by a video encoder 401 into three-level, a/ow fre- 
quency band D^,, a medium-low frequency band/D,. 2 , and 
a high-medium-low frequcacy band D 2 , video signals, and 
fed into an input section. 

In a first data stream input 743, D M signal is ECC 
encoded with high code gain and D t . 2 signal is ECC coded 
with a normal code gain. A TDM 743 perform/ lime division 
multiplexing of D,., and D t . 2 signals to prodnce aD t signal, 
which is then fed to a D t serial to parallel converter 7914 in 
a modulator 852a. D l signal consists of n pieces of parallel 
data, which are inputted into first inputs of n pieces of 
C-CDM modulator 4a, 46, — respectively; 

On the other hand, the high frequency band signal D 2 is 
fed into a second data stream input 744/of the input section 
742, in which D 2 signal is ECC (Errtr Correction Code) 
encoded in an ECC 744a and thenjrrellis encoded in a 
Trellis encoder 7446. Thereafter, the D 2 signal is supplied to 
a D 2 serial to parallel converter 79I6/of the modulator 852a 
and converted into n pieces of parallel data, which are 
inputted into second inputs of thjfe n pieces of C-CDM 
modulator 4a, 46. — respectively. 

The C-CDM modulators 4a, 
duces 16 SRQAM signal on the 
data stream input and D 2 data 
input. These n pieces of C-CDM 
a carrier different from each 

carriers 79 4a. 794b, 794c, — aie arrayed on the frequency 
axis 793 so that adjacent two carriers are 90°-out-of-phase 
with each other. Thus C-CDM/moduIated n pieces of modu- 
lated signal are fed into the/ inverse FFT circuit 40 and 
mapped from the frequency axis dimension 793 to the time 
axis dimension 790. Thusitime signals 796a, 796b — , 
having an effective symbol length ts, are produced. There is 
provided a guard interval zone 797a of Tg seconds between 
the effective symbol time zones 796a and 7966, in order to 
reduce multipath obstruction. FIG. 129 is a graph showing 
a relationship between time axis ar*d signal level. The guard 
time Tg of the guard interval band 797a is determined by 
talcing account of multipath affection and usage of signal. By 
setting the guard timeTri longer than the multipath affected 
time, e.g. TV ghost, modulated signals from the inverse FFT 
circuit 40 are converted by a parallel to serial converter 4e 
into one signal and, thjbn, transmitted from a transmitting 
circuit 5 as an RF sigi 

Next, an action of /a receiver 43 will be described. A 
received signal, shown as lime-base symbol signal 796 e of 
FIG. 124, is fed into ari input section 24 of FIG. 123. Then, 



4c — respectively pro- 
sis ofD, data of the first 
ft the second data stream 
nodulator respectively has 
er. As shown in FIG. 124, 



the received signal 
demodulator 8526 
cients in a FFT 41 
time axis 799 to tl 
124. That is, the tii 
frequency-base c 
in quadrature relat 
separate respectivi 
thus demodulated 
respective C-CDI 



demodulator 45, ir which demodulated 1 6 SRQAM signal is 
demodulated into nulti -level sub signals D |t D 2 . These sub 
signals D t and D 2 are further demodulated by a D t parallel 



converted into a digital signal in a 
further changed into Fourier coeffi- 
Thus, the signal is mapped from the 
frequency axis 793a as shown in FIG. 
e-basc symbol signal is converted into 
ers 794a, 7946, — . As these carriers are 
nship with each other, it is possible to 
modulated signals. FIG. 125(6) shows 
6 SRQAM signal, which is then fed to 
demodulators 45a, 456. — of a C-CDM 
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to serial converter 852a and a D 2 parallel to serial converter 
8526 into original D, and D 2 signals. 

Since the signal transmission system is of C-C DM" multi- 
level shown in 125(6), both D 4 and D 2 signals/will be 
demodulated under better receiving condition but only D l 
signal will be demodulated under worse, e.g. low C/N rate, 
receiving condition. Demodulated D, signal is demodulated 
in an output section 757. As D^, signal has higher £CC code 
• gain as compared with the D,. a signal, an erro/signal of the 
D,., signal is reproduced even under worse receiving con- 
dition. 

The D,.! signal is converted by a 1-1 vidjfo decoder 402c 
into a low frequency band signal and outputted as an LDTV. 
and the D,. 2 signal is converted by a 1-2 video decoder 4Q2d 
into a medium frequency band signal/ and outputted as 
EDTV. 

The D 3 signal is Trellis decoded by/a Trellis decoder 75 
96 and converted by a second video decoder 4026 into a high 
frequency band signal and outputted as an HDTV signal. 
Namely, an LDTV signal is outpuoxd in case of the low 
frequency band signal only. An EDTV signal of a wide 
NTSC grade is outputted if the medium frequeacy band 
signal is added to the low frequency band signal, and an 
HDTV signal is produced by adding low, medium, and high 
frequency band signals. As well as the previous embodi- 
ment, a TV signal having a picture quality depending on a 
receiving C/N rate can be received, Tlius, the ninth embodi- 
ment realizes a novel multi-level signal transmission system 
by combining an OFDM ana a C-CDM, which was not 
obtained by the OFDM alono. 
An OFDM is certainly supng against roultipath such as 
time Tg can absorb an inter- 
Accordingly, the OFDM is 
broadcasting for automotive 
vehicle TV receivers. Meanwhile, no OFDM signal is 
received when the C/N* rate is less than a predetermined 
value because its signal /ransmission pattern is non of a 
multi -level type. 

However the present invention can solve this disadvan- 
tage by combining the/ OFDM with the C-CDM, thus 
realizing a gradttional degradation depending on the C/N 
rate in a video signal rojecption without being disturbed by 
multipath. 

When a TV signal/ is received in a compartment of 
vehicle, not only the reception is disturbed by multipath but 
the C/N rate is deteriorated. Therefore, the broadcast service 
area of a TV broadcast station will not be expanded as 
expected if the counterraeasure is only for multipath. 

On the other hanol a reception of TV signal of at least 
LDTV grade will bej ensured by the combination with the 
multi-level transmisiion C-CDM even if the C/N rate is 
fairly deteriorated, m a picture plane size of an automotive 
vehicle TV is normally less than 10 inches, a TV signal of 
an LDTV grade will provide a satisfactory picture quality. 
Thus, the LDTV g/ade service area of automotive vehicle 
TV will largely expanded. If an OFDM is used in an entire 
frequency band of HDTV signal, present semiconductor 
technologies cannt t prevent circuitry scale from increasing 
so far. 



TV ghost because the guar* 
ferencc signal of multipal 
applicable to the digital 



Now, an OFDM 
frequency band 
shown in a block 
band component D 
D 2 of an HDTV 
4a, and then 
FDM 4Qd. 



method of transmitting only D M of low 
TtV signal will be explained below. As 
d iagram in FIG. 138, a medium frequency 
j.2 and a high frequency band component 
si£ nal are multiplexed in C-CDM modulator 
transitu tted at a frequency band A through an 
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On the other hand, a signal received by a receiver 43 is 
first of all frequency separated by an EDM 40e and, then, 
demodulated by a C-CDM demodulator 4b of the present 
invention. Thereafter, thus C-CDM demodulated sSnal is 
reproduced into medium and high frequency components of 
HDTV in the same way as in FIG. 123. An operation of a 
video decoder 402 is identical to that of embodiments 1, % 
and 3 and will not be explained in greater detail/ 

Meanwhile, the D,., signal, a low frequency Hand signal 
of MPEG 1 grade of HDTV, is converted by/ a serial to 
parallel converter 791 into a parallel signal and fed to an 
OFDM modulator 852c, which executes QPSK or 16 QAM 
modulation. Subsequently, the D,., signal is converted by an 
inverse FFT 40 into a time-base signal and transmitted at a 
frequency band B through a FDM 40d / 

On the other hand, a signal received by me receiver 43 is 
frequency separated in the FDM 40* and the n con verted into 
a number of frequency-base signals in an FFT 40a of an 
OFDM modulator S52d Thereafter, frequency-base signals 
are demodulated in respective demodulators 4a, 4b, — and 
arc fed into a parallel to serial converter 882a, wherein a 
D,. t signal is demodulated. Thus, a m x . x signal of LDTV 
grade is outputted from the receiver 43. 

In this manner, only an LDTV signal is OFDM modulated 
in the multi-level signal transmission. The method of FIG. 
138 makes it possible to provide /a complicated OFDM 
circuit only for an LDTV signal. A A>it rate of LDTV signal 
is V20 of that of an HDTV. Therefore, the circuit scale of the 
OFDM will be reduced to V4o, which results in an outstand- 
ing reduction of overall circuit scale. 

An OFDM signal transmission system is strong against 
multipath and will soon be applied to a moving station, such 
as a portable TV, an automotive vehicle TV, or a digital 
music broadcast receiver, whicnis exposed under strong and 
variable multipart! obstruction. For such usages a small 
picture size of less than 10 inches, 4 to 8 inches, is the 
mainstream. It will be thus guessed that the OFDM modu- 
lation of a high resolution ffV signal such as HDTV or 
EDTV will bring less effect. In other words, the reception of 
a TV signal of LDTV grade would be sufficient for an 
automotive vehicle TV. / 

On the contrary, multipath is constant at a fixed station 
such as a home TV. Therefore, a countermeasure against 
multipath is relatively caiy. Less effect will be brought to 
such a fixed station by OFDM unless it is in a ghost area. 
Using OFDM for medium and high frequency band com- 
ponents of HDTV is not advantageous in view of present 
circuit scale of OFDM which is still large. 

Accordingly, the method of the present invention, in 
which OFDM is useaVfonly for a low frequency band TV 
signal as sown in FIG. 138, can widely reduce the circuit 
scale of the OFDM to less than Vio without losing inherent 
OFDM effect capabiopf largely reducing multiple obstruc- 
tion of LDTV when received at a mobile station such as an 
automotive vehicle. / 

Although the OffDM modulation of FIG. 138 is per- 
formed only for D,/, signal, it is also possible to modulate 
both D,.j and D,./ by OFDM. In such a case, a C-CDM 
two-level signal transmission is used for transmission of 
Dj.t and D,. 2 . Thus, a multi-level broadcasting being strong 
against multipath wall be realized for a vehicle such as an 
automotive vehicle. Even in a vehicle, the gradational gradu- 
ation will be realized in such a manner that LDTV and 
SDTV signals arejreceived with picture qualities depending 
on receiving signal level or antenna sensitivity. 

The multi : levJbl signal transmission according to the 
present inventioh is feasible in this manner and produces 
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various effects as previously described. Furthermore,Af the 
multi-level signal transmission of the present invention is 
incorporated with an OFDM, it will become possible to 
provide a system strong against multipath and to alter data 
transmission grade in accordance with receivable signal 
level change. / 

FIG. 126(a) shows another method of realizing the multi- 
level signal transmission system, wherein the subchannels 
794a-794c of the OFDM are assigned to a first layer 801a 
and the subchannels 794^-794/ are assignee to a second 
layer 8016. There is provided a frequency guird zone 802a 
of i g between these two, first and second, layers. FIG. 126(6) 
shows an electric power difference 8026 yof Pg which is 
provided to differentiate the transmission power of the first 
and second layers 801a and 8016. 7 

Utilization of this differentiation makes it possible to 
increase electric power of the first Iayer/801a in the range 
not obstructing the analogue TV broadcast service as shown 
in FIG. 108(<x) previously described. In mis case, a threshold 
value of the C/N ratio capable of receiving the first layer 
801a becomes lower than that for the/second layer 8016 as 
shown in FIG. 108(«). Accordingly, tpe first layer 801a can 
be received even in a low signal -lever area or in a large-noise 
area. Thus, a two-layer signal transmission is realized as 
shown in FIG. 147. This is referrea to as Power- Weighted- 
OFDM system (i.e. PW-OFDM) in/ this specification. If this 
PW-OFDM system is combined Jwith the C-CDM system 
previously explained, three layers/ will be realized as shown 
in FIG. 108(tf) and, accordinglyJthe signal receivable area 
will be correspondingly expanded. 

FIG. 144 shows a specific ci/cuit, wherein the first layer 
data passing through the first data stream circuit 791 a is 
modulated into the carriers fj4f 3 by the modulators 4a-4c 
having large amplitude and, then, are OFDM modulated in 
the inverse FFT 40. On the contrary, the second layer data 
passing through the second/ data stream circuit 7916 is 
modulated into the carriers f 6 -f g by the modulators 4a*-4/ 
having ordinary amplitude and, then, arc OFDM modulated 
in the inverse FFT 40. ThenXhesc OFDM modulated signals 
are transmitted from the transmit circuit 5. 

A signal received by the receiver 43 is separated into 
several signals having carriers of fj-f* through the FFT40O. 
The carriers f t -f 3 are demodulated by the demodulators 
45a-45c to reproduce the first data stream D L , i.e. the first 
layer 801a On the other hand, the carriers f 6 -f 8 are demodu- 
lated by the demodulators 45rf-45/ to reproduce the second 
data stream D 2 , i.e. the second layer 8016. 

The first layer 801a has so large electrical power that it 
can be received even inja weak-signal area. In this manner, 
the PW-OFDM system realizes the two-layer multi-level 
signal transmission. If mis PW-OFDM is combined with the 
C-CDM, it will become possible to provide 3-4 layers. As 
the circuit of FIG. 144 is identical with the circuit of FIG. 
123 in the remaining/operations and, therefore, will not be 
explained in greater Detail. 

Next, a method off realizing a multi-level signal transmis- 
sion in Time-WeigHted-OFDM (i.e. TW-OFDM) in accor- 
dance with the present invention will be explained. Although 
the OFDM System is accompanied with the guard time zone 
t as previously described, adverse affects of ghosts will be 
eliminated if the delay time t M of the ghost, i.e. multipaUi, 
signal satisfies the requirement of t M <i g - The delay time 
will be relatively small, for example in the range of several 
microsounds, in affixed station such as a TV receiver used 
for home use. Furthermore, as its value is constant, cancel- 
lation of ghosts (will be relatively easily done. On the 
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contrary, reflected waves will increase in case of a m/bile 
station such as a vehicle TV receiver. Therefore, thereby 
time i M becomes relatively large, for example in the range of 
several tens microsound. Furthermore, the magnitude of l M 
varies in response to the running movement of thcAehicie. 
Thus, cancellation of ghosts tends to be difficult. Hence, the 
multi-level signal transmission is key or essential ior such a 
mobile station TV receiver in order to eliminaTe adverse 
affection of multipath. I 

The muUi-level signal transmission in accordance with 
the present invention will be explained below. A symbol 
contained in the subcannel layer A can be intensified against 
the ghosts by setting a guard time t ga of the layer A to be 
larger than a guard time t gb of the layer B asshown in FIG. 
146. In this manner, the multi-layer signal transmission can 
be realized against multipath by use of weighting of guard 
time. This system is referred to as Guam-Time-Weighted- 
OFDM (i.e. QTW-OFDM). 7 

If the symbol number of the symbol time Ts is not 
different in the layer A and in the laye/B. a symbol lime t„ 
of the layer A is set to be larger than aAymbol time t jb of the 
layer B. With this differentiation, a earner width Afa of the 
carrier A becomes larger than a carrier width Afb of the 
carrier B. (Afa>Afb) Therefore, the error rate becomes lower 
in the demodulation of the symbol/of the layer A compared 
with the demodulation of the symbol of the layer B. Thus, 
the differentiation of the layer Ayind B in the weighting of 
the symbol time Ts can realize a two-layer signal transmis- 
sion against multipath. This sys/em is referred to as Carrier- 
Spacing-Weighted-OFDM (i.e/CSW-OFDM). 

By realizing the two-Iayerysignal transmission based on 
the GTW-OFDM. wherein J low-resolution TV signal is 
transmitted by the layer A and a high-frequency component 
is transmitted by the layer B, the vehicle TV receiver can 
stably receive the low-res6lulion TV signal regardless of 
tough ghost. Furthermoreythe multi-level signal transmis- 
sion with respect to the/ G/N ratio can be realized by 
differentiating the symboy time t s based on the CSW-OFDM 
between the layers A andB. If this CSW-OFDM is combined 
with the GTW-OFDM, tic signal reception in the vehicle TV 
receiver can be furtherf stabilized. High resolution is not 
normally required to tnc vehicle TV or the portable TV. 

As the time ratio or the symbol time including a low- 
resolution TV signal is small, an overall transmission effi- 
ciency will not decrease so much even if the guard time is 
enlarged. According!*, using the GTW-OFDM of the present 
invention for suppressing multipath by laying emphasis on 
the low-resolution IN signal will realize the multi-layer type 
TV broadcast service wherein the mobile station such as the 
portable or vehicle/TV receiver can be compatible with the 
stationary station such as the home TV without substantially 
lowering the transmission efficiency. If combined with the 
CSW-OFDM or the C-CDM as described previously, the 
multi-layer to the/ ON ratio can be also realized Thus, the 
signal reception in the mobile station will be further stabi- 
lized. / 

An affection Jof the multipath will be explained in more 
detail. In case /of multipath 810a, 8106, 810c, and 8104 
having shorter/ delay time as shown in FIG. 145(a), the 
signals of both the first and second layers can be received 
and therefore the HDTV signal can be demodulated. On the 
contrary, in case of multipath 811a, 8116, 811c, and 811o* 
. having longer/ delay time as shown in FIG. 145(a), the B 
signal of the second layer cannot be received since its guard 
time i xb is not/sufficiently long. However, the A signal of the 
first layer can be received without being bothered by the 
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multipath since its guard lime t ga is sufficiently Jong. As 
described above, the B signaJ includes the high-frequency 
component of TV signal. The A signal includes the low- 
frequency component of TV signal. Accordingly, the vehicle 
TV can reproduce the LDTV signal. Furthermore/ as the 
symbol time Tsa is set larger than symbol time Tsb/the first 
layer is strong against deterioration of C/N ratio 

Such a discrimination of the guard time and tHe symbol 
time is effective to realize two-dimensional multi-layer 
signal transmission of the OFDM in a simple mariner. If the 
discrimination of guard time is combined with Ihe C-CDM 
in the circuit shown in FIG. 123, the multilayer signal 
transmission effective against both multipath arid deteriora 
lion of C/N ratio will be realized 

Next, a specific example will be described below. 

The smaller the DAJ ratio of the receiving signal becomes, 
the larger the multipath delay time T M becomes. Because, 
the reflected wave increases compared witH the direct wave. 
For example, as shown in FIG. 148, if/the D/U ratio is 
smaller than 30 dB, the delay time T M exceeds 30 us because 
of increase of the reflected wave. Therefore, as can be 
understood from FIG. 148, it will become possible to receive 
the signal even in the worst condition yif the Tg is set to be 
larger than 50 us. 

Accordingly, as shown in detail An FIGS. 149(a) and 
149(b), three groups of first 801a, second 8016, and third 
801 c layers are assigned in a 2 ms period of 1 sec TV signal. 
The guard times 797a, 797a, and 797c, i.e. Tga, Tgb, and 
Tgc, of these three groups are weighted to be, for example, 
50 microsounds, 5 microsounds, and 1 microsound, respec- 
tively, as shown in FIG. 149(c). Thus, three-layer signal 
transmission effective to the mtilu'path will be realized as 
shown in FIG. 150, wherein Uxrec layers 801a, 8016, and 
801c are provided 

If the GTW-OFDM is applied to ass the picture quality, it 
is doubtless 

At the same lime, the multi-layer signal transmission 
effective to C/N ratio can pe realized. By combining the 
CSW-OFDM and the CSiw-OFDM, a two-dimensional 
multi-layer signal transmission is realized with respect to the 
multipath and the ON ratio as shown in FIG. 151. As 
described previously, it is possible to combine the CSW- 
OFDM and the C-CDM /of the present invention for pre- 
venting the overall transmission efficiency from being low- 
ered. In the first, 1-2, ana 1-3 layers 801a, 851a, and SSlaz, 
the LDTV grade signal can be stably received by, for 
example, the vehicle TV receiver subjected to the large 
multipath T M and low/ C/N ratio. In the second and 2-3 
layers 8016 and 8516, /the standard-resolution SDTV grade 
signal can be received by the fixed or stationary station 
located, for example, in the fringe of the service area which 
is generally subjected to the lower C/N ratio and ghost In 
the third layer 801c which occupies more than half of the 
service area, the HJjTV grade signal can be received since 
the C/N ratio is high and the ghost is less because of large 
direct wave. In this/ manner, a two-dimensional multi-layer 
broadcast service Effective to both the C/N ratio and the 
multipath can be rjbalized by the combination of the GTW- 
OFDM and the C-CDM or the combination of the GTW- 
OFDM and the /CSW-C-CDM in accordance with the 
present invention, thus, the present invention realizes a 
two-dimensional J matrix type, multi -layer signal transmis- 
sion system effective to both the C/N ratfo and the 194 
multipath, which] has not ever been realized by the prior art 
technologies. 

A timing chait of a three level (HDTV, SDTV, LDTV) 
television signal in a two-dimensional multilevel broadcast 
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of three C7N levels and three multipath levels is showed 
FIG. 152. As shown in the figure, the LDTV sigoll is 
positioned in slot 796al of the first level of level A. to/level 
with the greatest resistance to multipath interference; the 
SDTV synchronization signal, address signal, arid other 
important high priority signals arc positioned in swt 796o2, 
which has the next greatest resistance to multipa/h interfer- 
ence, and slot 79661, which has strong resistance to ON 
deterioration. The SDTV common signal, i.e. Aow priority 
signals, and HDTV high priority signals are/positioned in 
levels 2 and 3 of level fi. SDTV, EDTV. HETTV, and other 
high frequency component television signal/ are positioned 
in levels 1, 2, and 3 of level C. 

As the resistance to ON deterioration and multipath 
interference increases, the transmission rate drops, causing 
the TV signal resolution to drop, and achieving the three- 
dimensional graceful degradation effect ihown in FIG. 153 
and unobtainable with conventional methods. As shown in 
FIG. 153, the three-dimensional multilevel broadcast struc- 
ture of the invention is achieved with three parameters: ON 
ratio, multipath delay time, and the transmission rate. 

The present embodiment has beei described using the 
example of a two-dimensional multilevel broadcast structure 
obtained by combining GTW-OFDM of the invention with 
C-CDM of the invention as previously described, or com- 
bining GTW-OFDM, CSW-C-CDM, but other two-dimen- 
sional multilevel broadcast structures can be obtained by 
combining GTW-OFDM and power-weighted OFDM, or 
GTW-OFDM with other ON ra/io multilevel transmission 
methods. 

FIG. 154 is obtained by transmitting the power of carriers 
794a, 794c, and 794* with Ieis weighting compared with 
carriers 7946. 794d. and 794/ Achieving a two level power- 
weighted OFDM. Two levels ire obtained by power weight- 
ing carriers 795a and 795c/ which are perpendicular to 
carrier 794a, to carriers 7956/and 795a*. While a total of four 
levels are obtained, the embodiment having only two levels 
is shown in FIG. 154. As shown in the figure, because the 
carrier frequencies arc distributed, interference with other 
analog transmissions on the same frequency band is dis- 
persed, and there is minimal adverse effect. 

By using a lime positioning varying the lime width of 
guard limes 797a, 7976, /and 797c for each symbol 796a, 
7966, and 796c as. shown/in FIG. 155, three-level multipath 
multilevel transmission tan be achieved. Using the time 
positioning shown in FIG. 155, the A- f B-. and C-level data 
is distributed on the Umefaxis. As a result, even if burst noise 
produced at a specific lime occurs, data destruction can be 
prevented and the TV signal can be stably demodulated by 
interleaving the data from the different layers. In particular, 
by interleaving with thd A level data distributed, interference 
from burst noise generated by the ignition systems of other 
vehicles can be significantly reduced in mobile TV receiv- 
ers. 

Block diagrams of a specific ECC encoder 744/ and a 
specific ECC decoder749y are shown in FIG. 160a and FIG. 
1606, respectively. tlG. 167 is a block diagram of the 
deinterleaver 9366. The interleave table 954 processed in the 
deinterleave RAM S 36a of the deinterleaver 9366 is shown 
in FIG. 168a, and interleave distance LI is shown in FIG. 
1686. 

Burst noise interference can be reduced by interleaving 
the data in this way By using a 4-Ievel VSB, 8-level VSB, 
or 16-level VSB tansmission apparatus as described in 
embodiments 4, 5, and 6, respectively, and shown in the 
VSB receiver bloqk diagram (FIG. 161) and the VSB 
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transmitter block diagram (FIG. 162), or by using a QAM or 
PSK transmission apparatus as described in embodiments 1 
and 2, respectively, burst noise interference can be reduced, 
and television reception with very low noise Ievcli can be 
achieved in ground station broadcasting. j 

By using 3-levcl broadcasting by means of t/c method 
shown in FIG. 155, LDTV grade television reception by 
mobile receivers, including mobile TV received in motor 
vehicles and hand-held portable television skis, can be 
stabilized because level A has the effect of reducing bunt 
noise interference in addition to multipath interference and 
ON ratio deterioration, T 

The ^ multi-level signal transmission methodyof the present 
invention is intended to increase the utilization of frequen- 
cies but may be suited for not all the transrmssion systems 
since causing some type receivers to be declined in the 
energy utilization. It is a good idea for usf tvith a satellite 
communications system for selected subscribers to employ 
most advanced transmitters and receivers/designed for best 
utilization of applicable frequencies and energy. Such a 
specific purpose signal transmission system will not be 
bound by the present invention. / 

The present invention will be advantageous for use with 
a satellite or terrestrial broadcast service which is «<*«ti>1 
to run in the same standards for as long as 50 years. During 
the service period, the broadcast standards must not be 
altered but improvements will be Ajrovided time to time 
corresponding to up-to-date technological achievements. 
Particularly, the energy for signahransmission will surely be 
increased on any satellite. Each TV station should provide a 
compatible service for guaranteeing TV program signal 
reception to any type receivers tanging from today's com- 
mon ones to future advanced ones. The signal transmission 
system of the present invention can provide a compatible 
broadcast service of both thef existing NTSC and HDTV 
systems and also, ensure a Mure extension to match ™«« 
date transmission. / 

The present invention concerns much on the frequency 
utilization than the energy utilization. The signal receiving 
sensitivity of each receive/ is arranged different depending 
on a signal state level to bt received so that the transmitting 
power of a transmitter needs not be increased largely. Hence, 
existing satellites which foffer a small energy for reception 
and transmission of a sighal can best be used with the system 
of the present inveotiol The system is also arranged for 
performing the same standards corresponding to an increase 
in the transmission enftrgy in the future and offering the 
compatibility between old and new type receivers. In addi- 
tion, the present invention will be more advantageous for use 
with the satellite broadcast standards. 

The multi-level signal transmission method of the present 
invention is more preferably employed for terrestrial TV 
broadcast service ir/ which the energy utilization is not 
crucial, as compared with satellite broadcast service. The 
results are such that the signal attenuating regions in a 
service area which/arc attributed to a conventional digital 
HDTV broadcast slrstem are considerably reduced in exten- 
sion and also, thef compatibility of an HDTV receiver or 
display with the existing NTSC system is obtained. Further- 
more, the service! area is substantially increased so that 
program suppliers/and sponsors can appreciate more view- 
ers. Although the embodiments of the present invention refer 
to 16 and 32 QAM procedures, other modulation techniques 
including 64, 1281 and 256 QAM will be employed with 
equal success. Alio, multiple PSK, ASK, and FSK tech- 
niques will be applicable as described with the embodi- 
ments. / 



